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IMPORTANT READING 


Recent Advances in Perinatal Medicine-2 
Ecited by Malcolm L. Chiswick 
1985 224pages illus £24.00 


hai a a te el 
The second volume in a series of up-to-date reviews from international authorities on 
recent developments affecting the fetus and newborn infant. Topics featured include: 
fetoscopy ... preterm birth . . . fetal nutrition and infant feeding . . . pregnancies 
complicated by autoimmune disorders . . . retinopathy of prematurity .. . intraventricular 
haemorrhage... handicap ... “bonding” after birth 


The first volume was well received: 
“There is no doubt that this book should become compulsory reading for all those 


involved in perinatal care.” 
Maternal and Child Health 


New Series ... Current Reviews in Paediatrics | 
_.. provides the sound basic knowledge required for clinical practice and keeps the 
paediatrician up to date with the latest developments in his field. 


Hypoglycaemia in Infancy and Childhood 


Albert Aynsley-Green and Gyula Soltesz 
1985 180 pages illus £18.00 : 


| This, the first book in the series reviews the pathophysiology and management of 
| che more important causes of hypoglycaemia in infancy and childhood. 





Care of the Child with Diabetes 
Edited by J. D. Baum and A.-L. Kinmonth 
1686 224pages illus £18.00 approx. 


incended for all those involved in the care of children with diabetes, this book covers all 
aspects of care—social and educational as well as medical, and provides a review and 
summary of current developments in the field. 


The first definitive British textbook on neonatal medicine . . . to be 
published this Spring. 

Textbook of Neonatology 

Edited by N. R. C. Roberton 

1386 960 pages 350 illus (inc. colour) £80.00 approx. 


GO eminent experts from the UK, America, Australia, Canada, Hungary, Belgium and 
Denmark combine to produce a balanced account of neonatal medicine. 


Essential reading for all neonatologists and paediatricians, qualified and in training. 








Churchill Livingstone Hh 


Churchill Livingstone, Medical Division of Longman Group Ltd., Registered Office: 5 Bentinck Street, 
London W1M 5RN. Registered No. 872828 England. 61/PD/ADC 
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Recent Titles from Butterworths 





Epilepsies of. Childhood 

Second Edition 

Professor N.V. O’Donohoe, MD, FRCP(1), DCH 
Professor of Paediatrics, Trinity College, Dublin 


Convulsive disorders are among the most frequent symptoms presenting the paediatric 
neurologist. They cause considerable problems in diagnosis and treatment which the 
new edition of Epllepsies of Childhood attempts to alleviate. 


This new edition combines down to earth experience and perspective with a lively, 
informative approach. Particular attention is paid to new diagnostic techniques which 
have dramatically altered the way epileptic disorders are invéstigated. Emphasis is also 
placed on drug treatrhents, a field which has progressed very rapidly since the first 
edition appeared. | 


{ 


1985 Hardcover 288 pages 234x165mm 0 407 00272 3 Illustrated £27.50 


Paediatric Neurology 

Second Edition | 
Ingrid Gamstorp, M.D., Professor of Child Neurology 
Department of Paediatrics, Uppsala University, Sweden 


_ The new edition of this well known text has been thoroughly updated to take into 
account the widespread use of new investigative techniques and the introduction of 
many new drugs. The original and successful organization of this book, with its emphasis 
on the clinical features of disorders, is retained. 


1985 Hardcover 416 pages 234x165mm 0407 00263 4 Illustrated £35.00 


A Handbook of Paediatric Dermatology 
John Harper, MBBS} MRCP. Westminster Hospital, London, UK. 


Aconcise, superbly illustrated and systematically organized presentation of all common, 
and many of the rarer, skin disorders affecting children. 


1985 Hardcover 216 pages 239x 189mm 0 407 00266 9 Illustrated £19.50 
| 
- Genetic and Metabolic Disease in Pediatrics 


Edited by J.K. Lloyd; MD, FRCP DPH, Nuffield Professor of Child Health, Institute of 
Child Health, London 


Charles R. Scriver, MD, FRSC, Professor of Paediatrics, Biology and Genetics, The 
McGill University, Montreal, Canada. 


All paediatricians ne xd a basic understanding of the broader issues of genetic and 
metabolic disease. his book presents these issues through the theme of homeostasis, 
illustrating them with descriptions of selective diseases. 


1985 Hardcover 328 pages 243 x 165mm 040702312 7 Illustrāūted £45.00 


All these books are available from booksellers or direct from the publishers. 
Ho Butterworths, Borough Green, Sevenoaks, Kent, TN15 8PH 
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Atnoiations 


Artificial urinary 


Artificial sphincters have been in the news recently, 
in both the lay press (and specifically on the radio) 
anc the medical press. As a result there has been a 
surge OF interest from various “pressure groups’, 
suen as the Association for Spina Bifida and 
Hydrocephalus and the Multiple Sclerosis Society, 
and o are now asking their medical advisers 
for information on the subject. particularly those 


who have heard, through their societies, or know of 


Otkers who have been treated with these devices. 
he ently type of artificial sphincter that has 
received a general recommendation among urol- 
ogists is the Brantley Scott artificial urinary sphincter 
(AUS), which is produced in the USA by American 
Medical Systems. Inc. None of the other currently 
available devices can be recommended and will not. 
therefore, be discussed further. 
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Brantley Scott artificial urinary sphincter 


The Brentley Scott artificial urinary sphincter con- 
sists of è fluid filled cuff that is w rapped around the 
bladder neck in either boys or girls, or the bulbar 
urethra in boys, to provide a circumferential occlu- 
sive force. The pressure within the cuff is deter- 
mimed by a pressure regulating balloon connected to 
the cuff by means of a control pump. The control 
pump may be a single component (AS 800) or two 
separate components (the control assembly being 
one. the pump the other: AS 791/792) depending on 
which particular model of the device is being 
implanted. The function of the control assembly is 
to regulate the flow of fluid between the cuff and 
the balloon, which is always from balloon to cuff. 
thereby providing the occlusive force. When the 
pump is squeezed two or three times, however. 
thereby reversing the direction of fluid flow so that 
the cuff is emptied into the pressure balloon, the 
occlusive force is removed thus allowing the patient 
to void. The cuff then refills spontaneously from the 
pressure balloon over a three to five minute period, 
by virtue of the valve arrangement within the 
control assembly, thereby restoring the occlusive 
force. 

The cuffs come in various lengths so that each 
dexice can be accurately fitted in its desired loca- 
tica, aad the pressure regulating balloons are 





sphincters 


precalibrated during manufacture to produce press- 
ures within specified ranges, so that in each patient 
an occlusive force appropriate to the local tissue 
characteristics can be chosen by the implanting 
surgeon. 


The entire device is internal and therefore 





Fig. | Brantley Scou Sphincter (AS791/792) 


The pump on the left is placed in the scrotum or the labium majus, 


Deflation / cuff open Inflation / cuff closed 








Fig.2 Diagram of mode of action, 
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invisible; the pump is sited in the scrotum or labium 
majus to make it accessible to the patient. The 
smaller size of the pump in the. model which has the 
control assembly and the pump as two separate 
components (AS 791/792 make that particular 
model more suitable for children. 


Effectiveness of the sphincter’ 


The models currently available are derived from an 
original model that was first implanted i in 1971, and 
there have been several intermediate stages in their 
development. Overall, there are therefore 15 years 
of experience with the artificial urinary sphincter, 
although most implants, particularly in Britain and 
with currently available models, have occurred in 
the past five years. With this i in mind, it is probably 
best not to assess the durability of the device in 
relation to the overall 15 year experience, but to 
assess its effectiveness in relation to the results over 
the past five years, during which time more than 
2000 devices have been implanted worldwide. 

There is no argument that the sphincter is an 
extremely effective way of dealing with incontinence 
caused by weakness of the natural sphincter 
mechanisms, when that is the only cause of inconti- 
nence. Most centres show at least a 75% long term 
cure rate in these cases. Factors that lead to concern 
are the problems and complications of the device, 
the cost effectiveness of the artificial sphincter 
compared with other forms of treatment for sphinc- 
ter weakness incontinence, its role in the overall 
treatment of incontinent patients, and the logistic 
problems raised by all these factors when one comes 
to consider the provision of an incontinence service 
for a community. 


Problems and complications | 
The problem with the artificial urinary sphincter is 
that of providing sufficient occlusive force to give 
continence without impairing the blood flow to the 
tissues being compressed to a degree that would lead 
to erosion of the cuff through those tissues. Erosion 
is mainly a problem in the elderly, and therefore is 
usually seen in patients who have had an artificial 
urinary sphincter for incontinence after pros- 
tatectomy. In younger patients, usually children 
with spina bifida, this is rare, particularly if a few 
weeks are allowed to elapse between implantation 
and activation of the device, to, allow the local tissue 
response to surgery to resolve before the cuff is 
pressurised. Thus, although the overall continence 
rate after implantation is 75%, the success rate is 
about 90% in the younger abe ‘group. 

By contrast, insufficient pressure leads to residual 
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stress incontinence, and this is seen in about 10% of 
patients, It is treated by replacing the pressure 
balloon with one with a higher pressure range, and 
this almost invariably cures the problem. 
Additional complications are rare, and are mainly 
infection, which is largely prevented by meticulous 
preoperative preparation and perioperative care to 
avoid contamination at the time of implantation, 
and mechanical failure, usually due to leakage of 
fluid from the system. The latter obviously requires 
replacement of the defective component and fortu- 
nately occurs in only 2 or 3% of patients. 


Cost effectiveness 


An artificial urinary sphincter costs about £2000 at 
current rates of exchange. This is expensive but 
doubtless will cost less when there are equally 
effective alternative devices on the market. 
Nonetheless, the cost of providing protective pants 
and absorptive pads or long term stoma care as 
alternatives makes an artificial urinary sphincter 
cost effective after about five years, over and above 
any other considerations relating to the desirability 
of continent urethral voiding. 


Who should have it 


The artificial urinary sphincter is a treatment for 
sphincter weakness only-—and then only when other 
methods fail or are inappropriate. In general, 
non-neuropathic sphincter weakness incontinence 
can usually be treated without recourse to this 
device, and neuropathic sphincter weakness inconti- 
nence is commonly associated with abnormalities of 
detrusor function. It is therefore mandatory for all 
patients, and particularly those with neuropathic 
dysfunctions, to have a full: videourodynamic eva- 
luation as part of their preoperative assessment to 
identify detrusor abnormalities and, if at all pos- 
sible, for any of these abnormalities to be treated 
before implantation of an artificial urinary sphinc- 
ter. 

Urodynamic factors are not the only ones that 
have to be considered. The largest single group for 
whom an artificial urinary sphincter may be con- 
sidered is the group of children and young adults with 
congenital cord lesions. Traditionally, incontinence 
in this group has been treated either by pads, 
appliances, or indwelling catheters on the one hand 
or by urinary diversion on the other. The artificial 
urinary sphincter provides an alternative method of 
management which gets rid of the need for the 
former but avoids the ‘stigma’ of the latter; hence its 
attractiveness to the ‘pressure groups’ referred to 
earlier. On the other hand, irrespective of the high 


incidence of multiple urodynamic abnormalities in 
these patients and the consequent need for ad- 
ditional surgical procedures to deal with these, 
which the patient's general condition may mitigate 
against, there is the need to consider the factor, 
common in this group, of the general desirability for 
cominence in a patient confined to a wheelchair. 
Gisen that it is usually fairly easy to provide ‘social 
dryness’ in these patients (particularly boys) with 
appliances and catheters, thereby avoiding the need 
for the regular and maybe frequent transfer from 
wheelchair to an appropriate toilet and back again, 
the artificial urinary sphincter and other types of 
reconstructive surgery are probably best reserved 
for patients who are mobile, unless, particularly in 
giris, conservative methods of management have 
failed. 


It follows from the above considerations that to 
previde a complete service for the treatment of 
incentinence and related voiding dysfunctions, a 
uni? must be able to provide full videourodynamic 
investigetions and have the ability to perform not 
just artificial urinary sphincter implantation but also 
all the other surgical procedures that may be 
necessary for the functional reconstruction of the 
urmary tract. These require special expertise and 
experience that are really only to be found in 
specialised centres with the necessary surgical and 
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urodynamic expertise and the equally necessary 
nephrological, neurological, radiological, and an- 
aesthesiological back up. Unfortunately, there are 
very few of these centres at present and many 
patients therefore have to travel some distance if 
they are to get adequate management of their 
problem. 


Conclusion 


The artificial urinary sphincter is a very effective 
way of eliminating sphincter weakness incontinence 
when other methods fail or are inappropriate, but is 
only one of a number of techniques that are 
currently available for the functional reconstruction 
of the urinary tract. These techniques require 
investigational and technical expertise that are to be 
found only in specialised centres, which are few and 
far between and are obviously expensive in both 
staff and equipment. This expenditure, however, Is 
more than offset by the long term cost effectiveness 
of the artificial sphincter when compared with the 
alternative of providing pads, appliances, and stoma 
care for the lifelong management of children with 
neuropathic incontinence, who form the largest 
group for whom this treatment is applicable. 


A R MUNDY 
Department of Urology, 
Guy’s Hospital, 

London SEI 9RT 
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Chemoprophylaxis of meningitis 


‘If it is preventable, why not prevent it?’ is a 
legitimate starting point in the discussion of infec- 
tions, particularly communicable infections. How 
does this aphorism stand in regard to meningococcal 
and Haemophilus influenzae meningitis? Although 
vaccines are available and licensed in the United 
States for protection against infection with mening- 
ococci (Sero groups A, C, Y, and W135 but not B)! 
and H influenzae type B, they are not generally 
available in the United Kingdom, and prevention of 
these forms of meningitis relies on chemoprophy- 
laxis. 

Meningococcal meningitis has long been recog- 
nised as infectious—that is, communicable from one 
individual to another; worldwide epidemics are part 
of the published reports. The organism resides in the 
nasopharynx of a proportion of the population who 
are for the most part asymptomatic, and droplet 
spread is responsible for communication to other 
subjects, a tiny proportion of whom, susceptible in 
an ill understood .way, develop invasive disease. 
Crowded living conditions, as in barracks, leads to 
increasing acquisition rates of ;meningococci and a 
rising incidence of meningitis. The prevention of 
colonisation and, by implication, invasion by 
meningococci, would therefore'seem a rational aim, 
and this is the theoretical basis for the present policy 
of administering antibacterial agents to close con- 
tacts of known cases. Plausible though the policy 
appears, is it practical and does it work? It is 
certainly practical in the sense’ that drugs (rifampi- 
cin, sulphonamides, and minocycline), when admi- 
mistered to controls, do reduce carriage and the 
incidence of disease. We know that 70% of secon- 
dary cases of meningococcal meningitis occur within 
one week of the confirmation ,of the index case; it 
could therefore be argued that what is really 
happening in the context of chemoprophylaxis is 
that very early cases are being treated, but it should 
be pointed out that penicillin, which is so effective in 
treatment of cases, does not prevent carriage or 
indeed the development of invasive disease when it 
is used prophylactically. It may, be that the pharma- 
codynamics of individual drugs is responsible for 
their usefulness or otherwise in prophylaxis. Rifam- 
picin, sulphonamide, and minocycline reach fairly 
high concentrations in the saliva, whereas penicillin 
does not. Rifampicin or sulphonamide (where sensi- 
tive strains are present) are now recommended as 
- chemoprophylaxis in children, and adults in the 
following doses: rifampicin: adults 600 mg twice 
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daily for two days, children (aged over 1 month) 10 
mg/kg every 12 hours for two days, children (aged 
under 1 month) 5 mg/kg every 12 hours for two days; 
sulphadiazine or sulphadimidine 0-5-1 g every eight 
hours for three days. Combining mfampicin and 
sulphonamide effects a higher clearance rate but 
increases side effects. 

To whom should chemoprophylaxis be offered? 
Certainly close family contacts, particularly those 
sleeping in the same room; close school contacts but 
not the whole class; nurses in constant close contact 
and perhaps medical staff only where there has been 
mucous membrane contact. Judgment on what other 
groups might be included for chemoprophylaxis may 
be helped by recognising that approximate relative 
risks for different groups are as follows: if pre- 
elementary school contacts represent a risk factor of 
1, day care nursery contacts are 5 and household 
contacts are 9.° A case can also be made for routine 
chemoprophylaxis in patients before discharge from 
hospital when curative treatment of meningococcal 
or influenzal meningitis is completed. 

Turning to H influenzae type B meningitis, we 
note some similarities but also some striking differ- 
ences from meningococcal infection. The organism 
responsible is the type B encapsulated strain and is 
again a respiratory resident, and one might conclude 
that outbreaks or epidemics would be well 
documented, but this is not so. Occasionally, 
instances of multiple cases of meningitis have been 
reported in the same family since 1909** and in the 
day care centres,’ ® and this led to a national study 
of secondary spread in household contacts in 
America, published in 1979.? In this study Ward et al 
obtained prospective data in 19 states of America 
in which H influenzae meningitis was reported in 
1403 patients, and 82% of the exposed families were 
investigated for the occurrence of H influenzae 
disease within 30 days after onset of illness in the 
index case. The risk to children less than 1 year old 
was 6%, and in those less than 4 was 2%. None of 
the 2624 contacts above the age of 5 was affected. 
The authors concluded that the risk of H influenzae 
disease in household contacts under 6 years of age 
was similar to the risk of secondary meningococcal 
disease in all household contacts. 

It is for the most part on these American data that 
the rationale for chemoprophylaxis in H influenzae 
infections resides. We note the restricted age 
incidence, which makes large families, day care 
centres, and other areas where young children 
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collect as representing special epidemiological situa- 
toms deserving attention when prophylaxis is con- 
sidered. Here is a major difference in regard to 
meningococcal infection, which, although more 
nmon in young children, attacks young adults and 
eed all age groups. There are also differences 
ween the American and the British experience. 
H wfluenzae meningitis is the commonest cause of 
bacterial meningitis in the US, resulting in perhaps 
8000 cases each year. In the UK meningococci still 
account for the majority of notified cases, although 
in recent years the proportion of cases due to H 
infarenzce is increasing. Although it is extremely 
difficult and perhaps unwise to compare statistics on 
meningitis, nonetheless the impression is that overall 
mortality is greater in the US than in the UK for H 
infisenzce meningitis; in one large hospital series 
from Edinburgh there was not one single death in 91 
cases reported from 1950-79." 

In the UK we lack precise epidemiological in- 
formation on the incidence of secondary cases of H 
infuaenzce meningitis. The only reliable information 
is an unoublished survey conducted by the Public 
Health Laboratory Service in which only I1 in- 
stances cf secondary infection were identified over a 
10 vear period. If this low secondary attack rate Is 
confirmed, it suggests that meningitis due to H 
inflaenzce behaves differently in the UK and the US 
and that American experience in chemoprophylaxis 
(using mostly rifampicin) may have limited applica- 
tion in Britain. Until we have much firmer evidence, 
what policy should be adopted for chemoprophy- 
laxzs when confronted by an infant with H influenzae 
meningitis? Immediate contacts under 4 years might 
reasonably be offered rifampicin in doses of 20 
mg*ke/day for four days. Two points to note about 
che moprophylaxis are that doses of 10 mg/kg/day for 
four days have little effect,'' and that meningitis can 
eceur even in children who have received prophy- 
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lactic treatment.” Careful clinical surveillance of 
susceptible infants remains paramount. 
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Original articles 
Deaths from asthma in New Zealand 


M R SEARS, H H REA, J' FENWICK, R BEAGLEHOLE, A J D GILLIES, P E HOLST, 
T V O'DONNELL, R P G ROTHWELL, AND D C SUTHERLAND 


Department of Medicine, University of Otago Medical School, Dunedin, Green Lane Hospital, Auckland, 
Department of Community Health and General Practice and Clinical Immunology, University of Auckland, 
Princess Margaret Hospital, Christchurch, and Waikato Hospital, Hamilton 


SUMMARY We report the first complete population based study of childhood deaths due to 
asthma. All deaths ascribed to asthma in New Zealand children aged 0-14 were investigated as 
part of a two year national study of mortality from asthma. The 16 children who died from asthma 
all developed asthma by thé age of 4; 15 had a family history of asthma, and 12 had associated 
atopic disorders. Disturbed pyschosocial relationships were evident in eight families. Seven 
children died in less than three hours from the onset of their final attack. All children died outside 
hospital. Mortality from asthma ‘in Maori children (3-14 per 100 000) was five times that of 
European children. With hindsight, factors which if avoided could have led to a different 
outcome were identified in eleven cases. The circumstances surrounding these deaths were 
similar to those described for adults with asthma; this study, however, underlines the importance 
of parental care and knowledge in the management of children with asthma. Inadequate long 
term medical care, underassessment of severity by family and doctors, failure of the family to call 
for help when required, and inadequate responses of medical services contributed to the 
fatalities. Excess beta, sympathomimetic dosage or overreliance on home nebulisers were 
uncommon. Most childhood deaths from asthma should be prevented by increased family 
_ awareness, better assessment of severity, improved long term treatment, and rapid access to 
emergency medical care. | 


Asthma is a rare cause of childhood mortality. 
However, an increase in mortality in young New 
Zealand asthmatics noted first i in 1977 and continuing 


Methods 


Deaths in all age groups, certified as due to or 


over the next five years caused concern.’ The 
increase brought the New Zealand mortality rate for 
childhood asthma to over three times that of the 
United Kingdom.* Interaction between newly 
available sustained release theophylline and inhaled 
beta agonist was suggested as a possible reason for 
the rising mortality.* Few seriesiof childhood asthma 
deaths have been reported, and, apart from one 
community based study of 30 deaths over a period 
of 20 years,* all have been hospital based 
populations > 
This paper reviews all deaths from asthma in 
children below the age of 15 identified during a two 
year national study of mortality from asthma in New 
Zealand.’ | 
i 


related to asthma, between 1 August 1981 and 31 
July 1983 inclusive in people usually resident in New 
Zealand were investigated.” The criterion for inclu- 
sion in the study was the use of the words ‘asthma’, 
‘asthmatic’, or ‘asthmaticus’ in Part I of the death 
certificate or on a coroner’s report. Cases were 
identified by monthly regional searches of death 
certificates and a quarterly search of all certificates 
at the office of the Registrar General of Births, 
Deaths, and Marriages. Within four months of 
death an appropriate family member, the general 
practitioner, and any specialists consulted were 
interviewed and hospital records reviewed. 
Ethnicity was taken as that stated by the relative 
interviewed. Data on the ethnicity and age distribu- 


tioa of the population were obtained from the 1981 
lew Zealand census data." 

Questionnaires, interviewers’ comments, hospital 
records, and autopsy data where available were 
reviewed by two physicians, who assessed the 
cheracteristics of the asthma, the quality of care 
received during the year before death, and, where 
appicable, the care sought and received in the last 
episode. They sought to ascertain whether, bearing 
in mind all the information available. a fatal 
outcome could have been avoided. 





Reealts 


Over the two years 329 deaths were verified as due 
to asthma: 17 of these were of children aged under 
15. 


Certification of cause of death. In seven children the 
general practitioner certified death as due to 
asthma, and in 10 the coroner reported death as due 
to asthma. Autopsies were performed on 11 children. 
Ore institutionalised child certified as dying of 
pneumoaia, methaemoglobinaemia, and asthma 
was fourd on investigation not to have had asthma 
at the time of death: the word ‘asthma’ more 
preperly belonged in Part IH of the death certificate 
as an accompanying condition not contributing 
directly to death, and this child was excluded from 
study. Mo cases came to knowledge that were not 
detected by search of death certificates, and no 
other children were coded by the National Health 
Stetistics Centre as dying of asthma during the 
study. One of the 17 children who died from asthma 
also suffered from cystic fibrosis, and is excluded 
from the remainder of this report. 
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Demographic data. New Zealand children belong to 
three major ethnic groups. Eight European (three 
girls), one Pacific Island Polynesian boy, and seven 
Maori (indigenous Polynesian) children (five girls) 
died of asthma during the two vears; the annual 
mortality rates for these racial groups were 0-59, 
1-36, and 3-14 per 100 000, respectively. The deaths 
in younger age groups were predominantly of 
Maoris, including all the children aged under 10 who 
died. The mean age at death of Maori children was 
8-6 years (range 2-1-14-8 years) and of European 
children 12-0 years (range 10-3-14-7 years). Eight of 
the 16 deaths occurred in the central area of New 
Zealand's North Island, which has a concentration 
of Maori people greater than the national average. 


Characteristics of asthma and its management 
(Table). In six cases asthma had developed during 
the first year of life and in the remainder by the age 
of 4. Eczema was present in 10 and hay fever 
without eczema in two. All except one child had a 
family history of asthma, involving first or second 
degree relatives. During the year before death 
asthma was considered by the general practitioner to 
be improving in five children, unchanged in four, 
but worsening in seven. Even when at their best in 
the last year, four were breathless on mild exertion 
and two breathless even on dressing. Only five 
children had ever had pulmonary function tests 
performed by their general practitioner. Of the 14 
children aged & and over and considered old enough 
to use peak expiratory flowmeters, 10 had never 
done so, and only two were using meters regularly at 
home. 

Ten of the 16 children had had two or more 
emergency visits to their general practitioner or 





Place of Emergency Hospital Severity: assessment by 

death calls in dil MISSIONS general practitioner 
fast vear in fast year 

Home 0 i Severe 

Home fr f Severe 

Relatives home linknown a Moderate 

Relatives home 4 3 Severe 

Car 6 l Moderate 

Home 3 a Moderate 

Home } ü Moderate 

Car 5 4 Severe 

Tasi 4 $ Moderate 

Home à a Moderate 

Home s a Mild 

Friend's home 1 7 Severe 

Home 4 i Moderate 

Home G p Mild 

Home Ry 16 Severe 

Camp site i i} Moderate 


TARA mammaa ARHAN iinan nieee A A LALLA MARRY fifteen haihin 


Tae Patient characteristics and circumstances of death 

Sex Age at Kace” Regular Nebulixer Duration of 
deah freatment” * use at hame dast attack 
{vrej fh) 

F 2 Maori = —- 2 

M 3 Maori RET Regular g4 

F g Maori p.Th.Cr = aS? 

F 8 Maori p.Th.Cr = thd 

F 10 Maori PTh we ij 

M 10 Eur p.Cr.Be Occasional if 

F 16 Eur p.Th.Cr. Be — = > 
H Maori p.Th.Cr.ip Reguki KS 

M i PIP p = i7 

M HI Eur R Ehr we i4 

F E Eur j _ i 

M 12 Eur RTh Bes Regular ke 

M 1 Eur pEr Bes Occasion il 

M 13 Eur Boe ih 

F 4 Eur BP RCr ips Regular 10 

M i4 Maori §.Be? = AS 

“Rawe: PEP= Pacific [sland Polynesian, Eure European. 

““preaimert: Re Beta: agonist: Th= Theophylline: Cre Cromoglycate. Bes Beclomethasone: 


fps fpraropium. S=Oral steroids. 
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accident and emergency department within the last 
year. Twelve children had been admitted to hospital 
with asthma, eight in the year before death. In only 
five cases was there evidence of a crisis plan for 
dealing with an asthmatic emergency, the instruc- 
tion being to contact their doctor, use a nebuliser, or 
seek direct hospital admission. Four children, 
however, had never required emergency general 
practitioner or accident aio emergency visits or 
hospital admissions. 

All except one were erail inhaling a betaz 
agonist drug, seven used cromoglycate, seven bec- 
lomethasone, and three dajly or alternate day 
corticosteroids. Four children used nebulisers 
regularly at home for the administration of a betaz 
agonist drug, and a further two used a nebuliser 
occasionally for severe episodes. Only one child 
using a home nebuliser had a peak flowmeter. 
Compliance with treatment with drugs was noted by 
the general practitioner in 14 children of school age 
as good in seven children, satisfactory in a further 
two, and poor in five. The specialist reviewing 
physicians considered that the regular treatment 
supervised by the general practitioner was inad- 
equate in five cases and that in four cases advice 
given or follow up arranged by a specialist physician 
Or paediatrician seemed a AURIS: 


Characteristics of families. Stressful psychosocial 
circumstances and disturbances of relationships 
were identified in eight families. Comments made 
by general practitioners included ‘ poor family care 
of children’, ‘mobile family}, ‘alcoholic mother’, 

‘neglected child’, ‘non-compliant family’, and ‘fata- 
listic attitude’. In 12 families at least one parent 
smoked regularly. Two mothers had died of asthma. 


Circumstances of fatal episode. Four deaths oc- 
curred in January during the summer holiday season. 
_ Eight children died after a gradual increase in 
symptoms of asthma over hours or days. Seven died 
in less than three hours from: the reported onset of 
their wheezing, and one child was found dead. In 
only six instances had the general practitioner or his 
deputy been telephoned. One child died minutes 
after the doctor was telephoned, two were seen by 
their doctors and advice was given, but no visit was 
made in three cases. With one exception, the doctor 
called was the child’s usual practitioner. All children 
died outside hospital. There' was no clustering of 
times of death; nine of the 16 a between 1800 and 
0600 hours. 

In two cases excessive ani with drugs may 
have contributed to the fatal outcome. A 14 year old 
child with worsening asthma ued a full beta, agonist 
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inhaler over two days, but used it only three times 
during the three hours before death. Autopsy 
revealed severe mucous plugging. An 8 year old 
child with increasing nocturnal wheeze was given 
four or five tablets (thought to be sustained release 
theophylline) over eight hours by a relative, but died 
from severe asthma. An autopsy was not performed. 

Four of the six children with home nebulisers had 
used these during the last few hours of life when 
asthma was increasing in severity. Medical advice 
was obtained by telephone in two of these cases, but 
other appropriate treatment was not given. Overrte- 
liance on a home nebuliser, which was used up to 
two hourly for 10 and 16 hours, seemed to lead to 
delay in beginning more aggressive treatment in 
these two cases. The use of a home nebuliser did not 
adversely affect management of the other two 
children. Delays in obtaining help in these were due 
to failure to appreciate the severity of the attack or 
reluctance to call for help. 

Because of the rapidity of deterioration, the 
deaths of two children were regarded as unavoid- 
able. A two year old known to have asthma, 
apparently well apart, from an upper respiratory 
tract infection, was found dead two and a half hours 
after being put to bed. Autopsy showed mucous 
plugging of bronchi as well as acute bronchiolitis. A 
12 year old with moderately severe asthma well 
controlled with daily oral steroids and appropriate 
inhaled drugs died within five minutes of the onset 
of the attack. His peak expiratory flow rate one and 
a half hours earlier had been normal, although he 
then had symptoms of influenza. The physicians 
classified the deaths of three other children who had 
precipitous attacks as possibly unavoidable. 

In the remaining 11 children avoidable factors 
contributed to the fatal outcome. In four children 
long term treatment was inadequate due either to 
attitudes of the family (one strongly antagonistic to 
any treatment with drugs, the other accepting 
asthma with resignation and using minimal treat- 
ment) or the medical advisers (two cases). In one 
instance the family did not call the general practi- 
tioner during several hours when asthma was 


‘increasing. Difficulties in communication with a 


general practitioner through a receptionist led to 
undue delay and death in one case. One child who 
had recently graduated from a paediatric to an adult 
respiratory service no longer sought direct hospital 
admission. She had survived previous severe attacks 
when admitted directly to hospital. One family 
delayed calling their general practitioner, then took 
the child to hospital by car as previous use of an 
ambulance had resulted in a request for payment. 
The child died in the car; oxygen might have been 
life saving. In four cases the response of the medical 


service and the assessment of asthma seemed 
inadequate. Advice was given by telephone without 
the docter seeing the child, or treatment given was 
inappropriate to the severity of the asthma. One 
child was seen by two different locums over three 
days and on all three occasions received a nebulised 
beta: agonist only. No child received additional 
treatment with steroids before death. No child for 
whem a doctor was consulted was referred for 
urgent hospital admission. Two children lived over 
20 km from a medical centre, but remoteness from 
care contributed to only one death. 


Discussion 


The mortality rate from asthma in New Zealand 
children is approximately three times that of the 
United Kingdom.” Possible reasons for this include 
a higher prevalence of asthma, greater severity, or 
pocrer management. There are reports that the 
prevalence of ‘asthma i in New Zealand is higher than 
that in the United Kingdom.'''} Formal compari- 
sons of severity of asthma have yet to be undertaken, 
but physicians and paediatricians emploved in the 
United Kingdom before coming to New Zealand 
consistently state that asthma in New Zealand is 
more severe and less responsive to treatment.'* 
That all childhood deaths from asthma in our study 
occurred outside hospital may reflect a greater 
severity and a shorter time course of fatal asthma. 

The New Zealand study’ is the first complete 
national study of mortality from asthma and has 
identified the largest reported community series of 
chidhood deaths from asthma collected within a 
short period. We believe our case finding methods 
detected all childhood deaths from asthma over this 
period, dut as we did not investigate every child- 
hoed death, it is possible that mortality from asthma 
could be even higher. In Avon county, England, 26 
of 28 possible cases were detected by a search of 
death certificates.* The present study provides a 
wider renge of deaths than earlier series based on 
hospital treated patients,“ and more complete 
information on circumstances surrounding death, 
including treatment, than was available for cases 
dymg in (37%) or out (63%) of hospital in Avon 
coanty.” 

The dominance of Maoris in the under 10 age 
group and the fivefold increase in mortality from 
asthma emong Maori children is a cause for particu- 
lar concern. Prevalence rates for asthma in each 
ethnic group are not yet known, but differences in 
prevalence could not be great enough to account for 
a fivefold higher mortality in Maoris. The numbers 
of deaths are small and are drawn from a small 
population of 840 000 in this age group, but the rates 
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are consistent with the data from the much larger 
adult New Zealand population.’ 

The mean age of European children in our study 
was 12-0) years, 3-5 years older than in Avon 
county. t Severe asthma is more prevalent in boys 
both in Britain’ and in New Zealand,'' but in 
neither country is this reflected in the mortality 
rates. The reason for the apparent ‘excess’ mortality 
among girls is not evident. 

Medical and family attitudes to treatment with 
drugs resulted in inadequate treatment in some 
cases, including instances where inhalers had de- 
liberately not been replaced by a parent so that the 
child would learn to manage without, and where 
treatment was said to be unnecessary or inadvisable. 
Two children subjected to therapeutic nihilism on 
medical advice had within the month before their 
death been started on treatment with inhaled beta, 
agonist for severe asthma because of worsening 
ys ou nad not nai given other a 


did we find cic of oneal excessive jae 
use. Overreliance on a home nebuliser for admin- 
istering bronchodilator drugs resulted in delay in 
beginning more adequate treatment in two other 
cases. It is of great concern that no child had been 
given additional treatment with steroids during the 
fatal attack. By contrast, six of 13 children in Avon 
county whose treatment was recorded were given 
steroids, although the dose was inadequate in four. 

The disturbed family circumstances encountered 
in half of these children may have contributed to 
mortality. Neglect of children, care of children by 
other than immediate family members, and stressful 
home circumstances with ill or alcoholic parents 
seemed relevant. These family circumstances prob- 
ably led to less attention being given to the child's 
asthma. 

Assessment of severity of asthma can be difficult, 
but in many of these cases the assessments made by 
the families and their doctors seemed inadequate. 
The virtual absence of peak flow monitoring must 
have contributed to this lack of awareness of 
severity. | 

Four of the fourteen children aged 5-14 years died 
in January during the New Zealand summer. Ex- 
posure to allergen might possibly have been associated 
with increased mortality. Seasonal variation in 
childhood asthma admissions and deaths has re- 
cently been reported in the United Kingdom; '® 
heightened bronchial reactivity associated with 
spring pollens was suggested as a possible cause of 
summer deaths. Unlike the findings in New 
Zealand’ and British’ adults, and in those children 
in Avon county for whom time of death was 
known,’ there was no excess in nocturnal deaths in 
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New Zealand children, despite 14 of the 16 having 
more troublesome symptoms in the evenings or 
through the night. 

Many of the factors associated with mortality 
from asthma in childhood were similar to those 
found in the British Thoracic Association study of 
mortality among adults with asthma!’—namely, 
chronic undertreatment. lack of objective assess- 
ment of severity, and delay in calling help. Dis- 
turbed family circumstances may compound these 
problems in childhood where clearly parental care 
and knowledge are of greater importance. 

At least 11 of the 16 deaths in children aged under 
15 were associated with avoidable factors. Measures 
that we believe could lower the mortality rate from 
asthma among children include increased family 
awareness of asthma and understanding of a crisis 
plan for dealing with an emergency due to asthma; 
regular assessment of severity and control with peak 
flow monitoring; improved access of high risk 
children with asthma to medical care, including 
provision for direct hospital admission; and removal 
of financial barriers, including the cost of ambu- 
lances, general practitioner consultations, and peak 
flowmeters. Improved long term care. including 
education to accept regular treatment to control 
abnormal lung function as well as symptoms, may 
reduce mortality. While further studies are required 
to prove the benefits of both education and long 
term treatment this survey of childhood deaths from 
asthma suggests these are areas for particular action. 


This study was supported by the Medical Research Council of New 
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patients and their general practitioners for their participation. The 
cooperation of the Registrar General of Births, Deaths. and 
Marriages and staff at Lower Hutt, registrars of Births, Deaths, 
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SUMMARY The bronchodilator response after five different modes of salbutamol inhalation by 


rotihaler was assessed in 15 asthmatic children in a double blind cross over study. Inspiratory 
flow rates lower than 50 litres/minute were associated with a significant reduction in response 
compared with flow rates higher than 60 litres/minute. but tilting the head back during inhalation 
and holding the breath for 10 seconds had no significant effect on bronchodilation. Peak 
insoiratery flow rates measured in 150 normal children and 13 asthmatic children with acute 
wheeze showed that many young children and many children with severe bronchoconstriction 
wee unable to generate a sufficiently high inspiratory flow rate to obtain maximum benefit from 


rotahaler treatment. Children using a rotahaler should be taught to inhale as quickly as possible 
and not with a quiet deep breath as recommended in the instruction leaflets. 


The rotahaler was designed to make inhaled medica- 
tion more convenient and effective for asthmatic 
patents. Improving the success of this treatment, 
however, is not only a matter of inhaler design but 
also of optimising and simplifying instructions and 
the mode of inhalation. There is, at present, 
coasiderable doubt about the best technique for 
using the rotahaler in asthmatic children. The 
inssruction leaflets provide some guidance on the 
correct manner of use, but the basis of these 
insructions has not been confirmed in controlled 
cligical trials. 

We cenducted a series of studies in asthmatic 
chedren to elucidate the optimum rate of inhalation, 
the importance of tilting the head back during 
inkalation, and the importance of holding the breath 
afterwards. Furthermore, we have studied the 
meéximum inspiratory flow rates that can normally 
be generated through the rotahaler in both normal 
and asthmatic children. 


Pasients and methods 


Study 1—modes of inhalation. Eleven boys and four 
girs aged 7 to 14 years (mean 11 years) participated 
in he stady. All suffered from chronic or episodic 
wheeze essociated with an increase in forced expira- 
tory volume in one second (FEV,) of at least 15% 
after one puff of terbutaline. They received regular 
inhaled treatment with corticosteroids and beta, 
stimulanis. The study was approved by the ethical 
committee of Northern Jutland, and informed con- 


sent was obtained from all children and their 
parents. 

The children were studied on six separate occa- 
sions at the same time of day. Before each visit, 
treatment with inhaled corticosteroids and beta» 
agonists was stopped for 48 and 12 hours respec- 
tively. A study on each child was only performed if 
the baseline FEV, was within 15% of its value on 
the first study day, and if this was not the case the 
child was asked to make a further visit on another 
day. 

The patients inhaled through a rotahaler in series 
with a pneumotachygraph. One capsule of placebo 
or 0-2 mg salbutamo! was given on each study day 
and the children wore a nose clip during inhalation. 
The differential pressure signal from the pneumo- 
tachygraph (proportional to the flow rate of inspired 
air) was fed to a pressure transducer, from which the 
analoque signal was integrated to give the inhaled 
volume. Throughout the inhalation the children 
could see the variation with time of both inspiratory 
flow rate and inhaled volume on the screen of an 
oscilloscope. This was used as a teaching aid so that 
all children, after some practising in the morning, 
were able to make reproducible, standardised in- 
halations at a fixed inspiratory flow rate. Inspiratory 
flow rates and volume were recorded for analysis. 

During treatment the children inhaled as deeply 
as possible from residual volume. They repeated the 
inhalation until the capsule was emptied. The 
capsule was always inserted into the rotahaler and 
split by an adult. 
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The design was that of a controlled double blind, 
double dummy cross over study. During the first 
four study days the children were treated with 
placebo (A), salbutamol inhaled at 30 to 50 I/minute 
(slow=B), salbutamol inhaled at 60 to 80 I/minute 
(medium=C), and salbutamol inhaled at 90 to 120 
Vminute (fast=D) in a randomised cross over 
fashion. During these days the head was tilted back 
during inhalation which was followed by breath 
holding for 10 seconds. When the results from the 
first four days had been analysed the children 
participated for another two days of fast inhalation, 
one day without a breath holding pause (E) and one 
day without tilting the head back during the inhala- 
tions (F) (randomised sequence). 

Pulmonary function was measured before, and at 
30 and 90 minutes after each treatment. The 
measurements were performed in a body box and 
the bronchodilator response was assessed by measur- 
ing changes in FEV), forced vital capacity, residual 
volume, and specific airways conductance. Both 
absolute values and the percentage of the predicted 
value were evaluated. The best of three measure- 
ments was studied. 


Study 2—peak inspiratory flow rates in normal 
children. To evaluate the maximum inspiratory flow 
rates that various age groups of children can 
generate through the rotahaler, 159 children aged 
between 342 and 15 years were taught to inhale as 
quickly as possible through a loaded rotahaler in 
series with the pneumotachygraph. The flow and 
volume y time curves were recorded and the best of 
three measurements was analysed. In addition, peak 
expiratory flow rate was measured on a Mini Wright 
peak flow meter, and FEV; and forced vital capacity 
on a dry wedge spirometer (Vitalograph) (best out 
of three). These measurements were done in all 
children in a kindergarten and a small public school 
who were able to cooperate (nine were unable to). 


Study 3—acute asthma. Thirteen asthmatic children 
aged between 6 and 12 years (mean=8-9 years) were 
studied as described in study 2 during an episode of 
acute wheeze and again after their pulmonary 
function had improved. 
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Statistics. Friedman’s test was used to evaluate any 
overall difference between treatments. If significant 
effects for treatment or time were found the results 
were analysed by parametric and non-parametric 
methods (paired ¢ tests and!Wilcoxon’s rank sum 
test). As these results were similar, however, only 
the results of the ¢ tests are giyen. Values given in 
the text are mean (SEM). 
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Results 

Modes of inhalation. The FEV, as a percentage of 
the predicted value before and after use of the 
rotahaler on the six days of treatment is shown in 
Fig. 1. There was no statistically significant differ- 
ence between the initial FEV, on the six days of 
treatment. The FEV, before treatment varied from 
47% to 72% (mean 59-7%) of the predicted value. 

All active treatments resulted in a significant 
increase in FEV, compared with placebo. The 
improvement after medium and fast inhalations was 
significantly greater than that after slow inhalations 
(P<0-01). There was no difference between the 
response to medium and fast inhalations with the 
head tilted back and a breath holding pause of 10 
seconds. At fast inhalation rates neither tilting the 
head back nor holding the breath influenced the 
bronchodilator effect. 

On the whole the results were similar for forced 
vital capacity and specific airways conductance. For 
residual volume the difference between slow inhala- 
tions and the various other active treatments failed 
to reach statistical significance. 

Mean peak inspiratory flow rate was 43 (range 36 
to 50) litres/minute on the slow day, 69 (range 60 to 
80) litres/minute on the medium day and 108 (range 
71 to 130) litres/minute on the fast day (the two 
youngest children were unable to generate flows 
above 90 litres/minute). There was no significant 
difference in the flow rates between the three fast 
days (D, E, and F), nor was there any difference 
between the mean inhaled volume on the six days 
(this varied from 2-32 to 2-40 litres). 
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Fig. 1 Mean forced expiratory volume in one second as a 
percentage of the predicted value after various modes of 
inhaling 0-2 mg salbutamol or placebo from a rotahaler (see 
text). 


Peak inspiratory flow rates of normal children. Peak 
inspiratory flow rate varied significantly with age 
(r=0-83; P<0-01) and with peak expiratory flow 
(r=0-90; P<0-01) (Figs. 2 and 3). In addition, 
inhaled volume was found to correlate significantly 
wit forced vital capacity (r=0-79: P<0-01). 


Acvie asthma. The mean peak inspiratory flow rate 
measurec during acute attacks of bronchoconstric- 
tior, when mean peak expiratory flow was 102 
litres/mimute, was significantly lower than the mean 
peak inspiratory flow rate measured after recovery, 
whea mean peak expiratory flow had increased to 
247 litres/minute (P<0-01) (Fig. 4). During acute 
wheeze, nine children had inspiratory flow rates 
belew SC litres/minute. 
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Fig 2 Peak inspiratory flow rate through a rotahaler in 
varius age groups of children (A=a child who was found 


to safer fram asthma durin g the study). 
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Fig 3 Variation in peak inspiratory flow rate through a 
roteaaler and peak expiratory flow rate in 150 children. 
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Acute wheeze 


Basic conditions 


Fig.4 Peak inspiratory flow rate through a rotahaler in 13 
asthmatic children during an episode of acute wheeze and 
after recovery. 


Discussion 


The instruction leaflets accompanying the rotahaler 
recommend a quiet deep inhalation. This may be 
best for adults and older children but the peak 
inspiratory flow rates that the children in the various 
age groups in the present study were able to 
generate through the rotahaler and the finding of a 
reduced effect at low inspiratory flows, indicate 
that such advice will result in reduced bronchodila- 
tion in many children. Furthermore, the study 
showed that tilting the head back during inhalation, 
and breath holding afterwards can be safely omitted 
from the instructions. This would facilitate teaching 
and perhaps improve compliance. 

The lack of benefit from holding the breath after 
inhalation has also been shown in some studies in 
adults using pressurised aerosols,! but this finding 
does not agree with those of Newman.” Newman. 
however, only found a beneficial effect of breath 
holding at very low inspiratory flow rates (25 
litres/minute). To our knowledge the importance of 
tilting the head back during inhalation so that the 
particles may follow a straighter path to the trachea 
has not previously been investigated under controlled 
conditions, nor has the importance of breath holding 
been studied in patients using a rotahaler. 

The correlation between inspiratory and expira- 
tory pulmonary function measurements agrees with 
the clinical observation that many asthmatics com- 
plain not only of expiratory but also of inspiratory 
difficulties during episodes of wheeze. This has 
some important clinical implications, since it means 
that younger children who can normally use a 
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rotahaler efficiently, may not be able to gain full 
benefit during attacks of acute bronchoconstriction 
or in periods of bad control of symptoms. In these 
cases it may be necessary to! increase the inhaled 
dose or to use other ways of [drug delivery. These 
suggestions are supported by the results of a recent 
clinical trial.’ : 

Our finding that the bronchodilator response was 
reduced at slow inspiratory | flow rates is quite 
opposite to that in adults using pressurised 
aerosols,” * and emphasises doubts about the val- 
idity of extrapolating results lfrom one inhaler to 
another. We do not know the exact cause of the 
reduced effect. It 
however, that the drug/lactose powder mix in the 
capsules requires a certain amount of inspiration 
energy to break up the agglomerates into sufficiently 
small particles (personal communication from 
Glaxo), and it is possible that the reduced effect 
after slow inhalations was ;due to insufficient 
breaking up of the large drug/lactose particles. 

Studies with pressurised aerosols and teflon par- 
ticles have shown that high- inspiratory flow rates 
may increase the likelihood of a more central 
deposition of drug in the lungs. 2 5 6 There has been 
no direct study of the rotahaler comparing pulmonary 
deposition at different rates ofjinhalation. We think 
that the theoretical advantage of medium rate 
inspiration is easily outweighed by the difficulties of 
administering this regimen in! children because of 
the variation in inspiratory flow rate with age and 
day to day differences in pulmonary function: We 
therefore suggest that fast inhalations should be 
recommended for children using a rotahaler until 
controlled clinical studies of the day to day manage- 


has beén shown in vitro,. 


ment of ambulatory asthmatics have proved 
otherwise. 


Conclusion 


Children should be taught to inhale as quickly as 
possible through their rotahaler. They need not tilt 
their head back during the inhalation or hold their 
breath afterwards. During episodes of wheeze 
young children may gain less benefit from rotahaler 
treatment because they cannot generate sufficiently 
high inspiratory flow rates. 
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Oral corticosteroids for wheezing attacks under 
18 months 


M S C WEBB, R L HENRY, AND A D MILNER 
Department of Child Health, Queen’s Medical Centre, Nottingham 


SUMMAEY In a double blind, partial crossover trial we compared treatment with prednisolone 
with treatment with placebo (56 treatments) in 38 children aged less than 18 months (mean age 
9-8 months, range 3-17 months), 30 of whom had required previous admission to hospital. 
Placebo or oral prednisolone 2 mg/kg/day in two divided doses for five days was given during 
acute exacerbations of symptoms on an outpatient basis. Daily symptom scores of cough, 
wheeze, and breathlessness did not show any significant difference in rate of improvement or 
overall outcome, either between the two whole groups or within subgroups aged less than 6 
months, 6-12 months, and 12-18 months. Parental preference failed to indicate superiority of 
treatment with prednisolone over treatment with placebo in the 18 crossover patients, and 
parents were equally as likely to feel that treatment with either placebo or prednisolone had had 
positive effect in non-crossover patients. Two children required admission to hospital during 
treatment, one aged 5’ months being treated with prednisolone, and one aged 14 months being 
treated with placebo. 


Recurrent wheezing attacks in children aged under Patients and methods 

18 monrhs are a considerable source of morbidity 

and a mot uncommon cause for admission to Thirty eight children aged less than 18 months were. 
hospital Although the list of differential diagnoses studied. There were 28 boys and-10 girls. All had 
is lengthy and includes conditions such as cystic suffered at least two previous attacks of wheezing, 
fibrosis, aspiration syndrome, and foreign body, and in none was any diagnosis other than asthma 
most of these children are suffering from asthma. under active consideration. In an attempt to avoid 
The clear benefit to the patient after appropriate treating trivial and rapidly self limiting episodes only 
treatment with anti-asthma drugs consequent on those attacks that had lasted at least 48 hours and 
correct diagnostic labelling has been shown by were still of sufficient severity to merit therapeutic 
Speight et al.! Sadly, this does not necessarily hold intervention on standard clinical criteria were in- 
true for very young children due to their variable cluded. Minimum requirements were persistent 
and often non-existent responsiveness to treatment wheezing and/or coughing, associated with tachyp- 
with bronchodilators. Although the mechanisms noea, subcostal recession, and rhonchi on examina- 
underlymg this limited responsiveness are by no tion, these symptoms being sufficiently troublesome 
means fully understood, one of the suggestions has to cause some disturbance to feeding and sleeping. ` 
__been tkat the pathology is primarily that of in- Any child requiring immediate admission to hospital 
flammarion, with mucosal oedema and inflamma- was excluded. Patients were enrolled into the study 
tory exudate being principal features, none of which after self referral to our unit by the parents, initial 
would be susceptible to specific bronchodilators. contact having been made in the outpatient depart- 
This fact, coupled with the extreme paucity of ment or during a previous hospital admission for 
published information on the role of corticosteroids asthma. 


in the age group 0-18 months, prompted us to assess Patients were randomly allocated to treatment 
what part corticosteroids might have to play in the with either placebo or soluble prednisolone 1-0 
management of this difficult clinical problem. mg/kg twice daily for five days on a double blind 
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basis. Crossover was completed either if a child had 
showed no improvement eight days after beginning 
treatment—that is, three days after finishing 
treatment—or if they presented with a subsequent 
attack at a later date. If treatments, such as 
bronchodilator or antibiotics, had already been 
begun by the general practitioner they were con- 
tinued. 

Parents were asked to maintain a diary record at 
home during the course of treatment and for the 
subsequent three days. Scores of 0 to 3 (O=no 
symptoms, 1=‘a bit’, 2=‘quite: bad’, 3=‘very bad’) 
were recorded for each of cough, wheeze, and 
breathlessness/difficulty in breathing for both day 
and night, giving a possible maximum total for each 
24 hours of 18. Patients were reviewed at eight days, 
and at that time parents were asked whether or not 
they considered that the treatment had in any way 
altered the course of the attack compared with 
previous similar (untreated) attacks. 

Statistical analysis employed] the x° test, Fisher’s 
exact test, and Mann-Whitney U test where 
appropriate. Statistical validity of the results was 
estimated using the sample size and power estima- 
tions described by Fleiss.’ 

Informed consent was obtained from the parents 
before entry into the trial. The|study was approved 
by the local ethical committee. 


Results 


Thirty eight children were given a total of 56 
treatment courses (18 crossover'patients), 29 predni- 
solone and 27 placebo. There|were no significant 
differences between the groups! with respect to age, 
sex, age at onset of first symptoms, number of 
previous admissions to hospital for asthma, or 
length of attack before starting treatment (Table 1). 


H 


Table 1 Patient details (no of patients=38; no of treatment 
courses =56) 


Group treated Group treated 
with prednisolone with placebo 
(n=29) (n=27} 
Age at study (mean (SD) 10-4 (4-1) 9-3 (3-7) 
(months) range) 3-5-17 3-2=15-7 
:F) 1%10 21:6 
Age at onset (mean (SD) 3-5 G-1) 3-4 (2-7) 
(months) range) 0-12 0-11 
Previous admissions: 
No (%) of patients >l 21 (72%) 21 (78%) 
No of admissions: 30 4 
Length of attack 
before treatment {mean (SD) 8-0 (5-6) 7-3 (5-8) 
{days} range) 2-21 2-21 


There were also no differences in personal history of 
eczema or family history of asthma, eczema, or hay 
fever. Three of the group given prednisolone had 
been prescribed bronchodilators by their general 
practitioner at the onset of the attack compared with 
five in the group given placebo; a further two in the 
group given placebo had been given antibiotics. 

The severity of the attacks was similar in the two 
groups at the time of beginning treatment, there 
being no difference in scores on day 1 (median of 
group given prednisolone=9, median of group given 
placebo=9-5; p=0-64 by Mann-Whitney test). 
Neither was there any difference between the 
groups’ scores on days 3, 5, and 7 (Table 2), 
however, suggesting similar progress through and 
outcome of the courses of treatment. 

Figures 1-3 present data from all the patients 
studied. Analysis of these data by comparing the 
number of positive and negative changes over the 
intervals day 1 to day 3, day 1 to day 5, and day 1 to 
day 7 showed no significant difference between 
treatment with prednisolone and placebo in the 


Table 2 Median values of symptom score on days 1, 3, 5, and 7 


Treth 


Patients’ age group 


0-18 months (n=38) { eraras en 
Perai { a 
6-12 moiths (n=17)* { ee 
12-18 months (n=1!) i f Puce (ns Ao 


Median score 


Day l Day 3 Day 5 Day 7 
9 8 7 5 

9-5 3 5:5 6 

8:5 9-5 9 7 

8 11-5 9 10 

9 8 5 4 

9-5 8-5 +5 

10 8 6-5 4.5 
11-5 10-5 7 5 





No significant difference at 5% level 


tresiments (Mann-Whitney test). 


*One patient had progressed. to next age subgroup at the time of crossover treatment. 


tOne scoresheet lost by parents. | 
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Fig 1 Frogress of individual patients, 0-6 months 
(——=prednisoione; — -— — —=placebo). 





Fe 2 Progress of individual patients, 6&-I2 months 
(——-=p-ednisolone; — — — —=placebo). 
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Fig.3 Progress of individual patients, 12-18 months — 
(one placebo not shown—‘no difference whatsoever’; 
~= prednisolone; ————=placebo). 


whole study or within any of the age subgroups. 
There was, however, a trend to greater efficacy of 
treatment with prednisolone in the day 1-3 period 
(17/29 (59%) of the group given prednisolone 
improved v 9/27 (33%) of the group given placebo 
improved; y7=2-65, p<0-1), this trend being most 
pronounced for the 12-18 month age subgroup (7/10 
(70%) of the group given prednisolone improved v 
1/6 (17%) of the group given placebo improved; 
p=0-058 by Fisher's exact test). Analysis of the 
median change in score over the same intervals 
showed no significant overall difference between the 
two treatments, with the trend towards earlier 
resolution of symptoms on treatment with predni- 
solone over the day 1-3 interval being less apparent 
(group given prednisolone median score change 
—I y group given placebo median score change 
+0-5; p=0-54 by Mann-Whitney test). 

Parents were unable to identify positive benefit . 
from treatment with prednisolone over treatment 
with placebo. In the complete treatment groups 16 
out of 29 courses of prednisolone were thought not 
to have benefited the child, although 12 were 
thought to have done so; 10 were positive and 17 
were negative for placebo. Again, there was a trend 
towards perceived greater efficacy of treatment with 
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prednisolone in the 12-18 month age group (5/9 of 
the group given prednisolone benefited (one ‘didn’t 
know’) v 1/7 of the group given! placebo benefited), 
but this too failed to reach significance. 

If we limit our analysis to only those 18 patients 
who completed a full crossover trial (36 treatment 
courses), the two treatment groups are even less 
dissimilar and the trend towards earlier improve- 
ment in the older age group is lost. 

In a largely negative and small clinical study it is 
important to make an estimate of its power. Given 
that the proportions of placebo courses that pro- 
duced improvement over the day 1-3 period were 
33% and 17% for the whole group and the 12-18 
month age subgroup, respectively, it would seem 
reasonable to aim for an improyement rate of three 
out of four (75%) for treatment with prednisolone 
as indicative of a clinically acceptable benefit—this 
study had a 92% chance of revealing this likelihood 
of benefit for the whole group and an 89% chance 
for the 12-18 month age subgroup. The higher 
proportion of children who improved on treatment 
with placebo over the longer period of five or seven 
days gives the study about a 50% chance of picking 
up what could only be small diference: over these 
intervals. 

Two children required admission to hospital 
during a treatment course—one 52 month old boy 
on the fourth day of treatment with prednisolone 
and one boy of 14 months on the third day of 
treatment with placebo. 

There were no side effects reported by the parents 
and none was detected on clinical examination at the 
time of review three days after completing the five 
day course of treatment. 


Discussion 


We have been unable to show consistent benefit 
from treatment with corticosteroids over and above 
treatment with placebo for ‘moderately severe 
asthma attacks in children aged under 18 months. 

Could it be that our method is too insensitive? 
Different observers (in this case different sets of 
parents) are bound to assess the severity of symp- 
toms on differing scales, not least because they can 
only relate to the previous range of severity experi- 
enced by the individual child under observation. 
Therefore, to analyse total daily scores as though 
uniformly representative of a single scale of severity 
could mask minor, and possibly even quite large, 
differences between the groups; we were not 
altogether surprised to find no difference in group 
scores on days 1-7. 

This difficuity is to a certain bxtent overcome by 
analysing the change in score between two given 


days (improvement v no improvement) for each 
patient, as each statistic is then self controlled and 
intersubject variability is no longer a problem. With 
this method we are still unable to separate the 
progress and outcome of the two different treatment 
courses to a significant degree, even when restricting 
our analysis only to the 18 crossover patients. Our 
third approach was to seek parental opinion about 
whether or not the treatment had affected the 
course of the attack, a valid assessment given that 
most of these parents would have witnessed many 
similar previous attacks. Not only might they be able 
to report overall outcome in terms of ‘dramatic 
improvement’ or ‘no change’7/‘deterioration’, but it 
was also hoped that they might detect more subtle 
effects such as ‘got better quicker than usual’—this 
point, though clearly very subjective, being an 
important possible benefit from treatment and one 
unlikely to be recognised by analysis of daily scores 
alone. Parents were just as likely, however, to feel 
that treatment with placebo had benefited the child 
as treatment with prednisolone. More importantly, 
over half the children that were given prednisolone 
were thought not to have been helped. 

We do not consider that we were treating illness 
so trivial that we might miss a steroid response even 
if it were present. As a group these 38 children had 
suffered considerable morbidity in the past, with 30 
(79%) of them having had previous admissions to 
hospital with asthma. Moreover, at the time of 
starting treatment they had been unwell for a mean 
of seven to eight days and were still constitutionally 
upset by their symptoms. Nor do we feel that we 
simply undertreated with prednisolone—there are 
no published data on minimum dosage, but predni- 
solone 2 mg/kg/day for five days seems more than 
adequate in clinical practice with older children 
under similar circumstances, and there is evidence 
that massive doses confer no added advantage in 
severe attacks.‘ 

Our small study is statistically powerful enough to 
have been able to pick up a theoretical improvement 
rate of three out of four cases after three days’ 
treatment with prednisolone, but our results fall 
short of this arbitrary but desirable aim. The 
tendency of asthma attacks to improve over a longer 
period is such that this study would only have a 50% 
chance of identifying a small but significant advan- 
tage of treatment with prednisolone over five to 
seven days if it were to exist. It is pertinent, 
however, to note that two days after completing a 
five day course of treatment with prednisolone 
(scores on day seven) 11 out’of 29 cases were still 
quite unwell with scores of eight or more. 

Although it is almost universal practice to ad- 
minister corticosteroids to patients with either 
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chranic persistent or acute asthma, there is still very 
ittl: documented proof of efficacy. Grant argued 
strcagly in favour of the use of steroids in acute 
severe asthma in adults.” though Luksza disputed 
his view.” There is objective evidence of improve- 
neat in lang function in acute asthma in adults after 
nftsion of hydrocortisone,’ similarly, administra- 
jor of both intravenous” and oral” prednisolone 
gavè been shown to increase lung function in 
shrenic asthma in adults. The few studies in children 
are inconclusive. Pierson et al have shown significant 
mprovement in arterial hypoxaemia, independent 
of changes in ventilatory function, after intravenous 
nfusion of betamethasone, hydrocortisone, or 
jexamethasone during status asthmaticus.'? but 
Kattan et al could show no benefit from intravenous 
avdeocortisone over and above bronchodilator in a 
similar group of children.'' Tal ef al studied the 
2ffects of dexamethasone, salbutamol, and placebo, 
singiy or in combination, on a group of wheezing 
nfents in hospital. They concluded that the effects 
of placebo, salbutamol alone, and dexamethasone 
alowe were essentially the same, but that salbutamol 
ang dexamethasone together were additive and 
sigr ficantly better than either alone. Their numbers 
in each treatment group. however, were very small 
anc included some children with an attack of acute 
bronchiolitis, a condition well documented as being 
unaffected by treatment with corticosteroids." " 
Despite these reservations about their study, we 
wo@id agree with their findings suggesting that 
cor icosteroids alone do not confer great advantage 
in he treatment of this age group as a whole, 
although we cannot state categorically that treat- 
meat with prednisolone did not improve some 
indwviduals. We are unable to predict which indi- 
vidæals these might be—of those whose parents 
thought that treatment with prednisolone had 
helmed. there was no variable among age. sex, 
family history, length of attack. or initial severity 
scoe that differentiated them from ‘non- 
responders’. 

In conclusion, we have been unable to show 
def nite clinical response attributable to treatment 
wita oral prednisolone in moderately severe asthma 
in children aged under 18 months. We cannot 





extrapolate from our data to comment on what 
effect corticosteroids might have in the treatment of 
acute severe life threatening asthma in this age 
group. 


We thank the children and their parents and also the consultants. 
Professor D Hull. Dr P Barbor, Dr D Johnston, and Dr N Rutter, 
who allowed us to study patients under their care, Financial 
support was gratefully reecived from the Asthma Research 
Council. 
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Bacterial infection and atopic eczema 


T J DAVID AND G C CAMBRIDGE 
Department of Child Health, University of Manchester, and Booth Hall Children’s Hospital, Manchester 


SUMMARY One hundred and ninety children with atopic eczema were studied prospectively for 
two and a half years. The mean period of observation was 13 months. Seventy six children (40%) 
had between them 164 episodes of exacerbation of eczema due to bacterial infection, and in 52 
(32%) infection recurred within three months of a previous infection. Twenty five episodes 
(15%) led to admission to hospital. Staphylococcus aureus was recovered in 97% of episodes, in 
combination with B haemolytic streptococci in 62%. Physical signs suggesting infection were 
pustules, crusting, and a weeping discharge, but these signs alone are not diagnostic, and an 
exacerbation was only attributed to infection if there was a response to anti-infective treatment. 
Exacerbation of atopic eczema due to bacterial infection is common, the physical signs of 
infection are not always clear, and there is a case for a trial of oral antibiotics in any child with 
troublesome atopic eczema. 


There is a high rate of skin colonisation with Child Health at Booth Hall Children’s Hospital 
Staphylococcus aureus in atopic eczema. For were studied prospectively for evidence of skin 
example, Leyden et al! recovered S aureus not only infection. One hundred and ninety patients, aged 7 
from more than 90% of isolates taken from chronic weeks to 17 years (median 3 years) were observed 
eczematous lesions, but also: from approximately for 2480 patient months, with a mean of 13 months. 
70% of isolates taken from unaffected areas of the The presence of pustules, a purulent discharge, 
skin. By contrast, Noble” found S aureus on the skin crusting combined with weeping (Figure (a)), 
in fewer than 5% of isolates taken from various sites crusting alone (Figure (b)), or sudden appearance 
in 382 normal children. The high frequency of of weeping, were taken as physical signs of infection. 
S aureus carriage in clinically normal skin inpatients Children were seen as outpatients at intervals no 
with atopic eczema may be contamination due to longer than three months, and their parents were 
continual dispersion from skin lesions or colonisa- asked to bring the child if there was sudden or 
tion. Impaired neutrophil chemotaxis,’ and greater unexpected deterioration of the eczema or if any of 
adherence of S$ aureus to keratinised epithelial cells the above signs were noticed. Episodes of infection 
of atopics* may contribute to the high rate of skin due to Herpes simplex,° Herpes zoster, and 
colonisation. Coxsackie A have been excluded. Nine episodes of 
It is often held that while the skin in atopic infection treated by the general practitioner and not 
eczema is usually colonised with S aureus, bacterial seen at hospital were also excluded. 
skin infections are uncommon, and less frequent The criteria for ‘infection’ comprised (a) one of 
than might be expected in a disease characterised by the above signs, together with (b) response to oral 
scratching and excoriation.” Observation of children antibiotic or topical antiseptic treatment (see be- 
with atopic eczema suggests, however, that in this low). Episodes that did not respond to this treat- 
disorder the frequency of bacterial skin infection is ment were classified as ‘possible infections’. A 
higher than previously suspected. This report de- recurrent infection was defined as one occurring 
scribes a prospective study of bacterial infections in within three months of a previous infection. 


children with atopic eczema. ! The following oral antibiotics were given in a 
dosage of: (a) phenoxymethylpenicillin, flucloxacil- 
Patients and methods lin, fusidic acid, or erythromycin—under 10 years 


| 125 mg four times daily; over 10 years 250 mg four 


| 

Between January 1982 and July 1984, all children times daily: (b) cefadroxil: under 5 years 250 mg 
with atopic eczema referred to the Department of twice daily; over 5 years 500 mg twice daily. 
20 
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Antibiotics were always given in tablet or capsule 
form because of the possibility of adverse reaction to 
colouring agents or preservatives present in liquid 
preparations. A combination of phenoxymethyl- 
penicillin plus flucloxacillin was the first choice for 
oral antibiotic treatment. Either antibiotic was used 
alone only for recurrent infections where eradication 
of a single organism was intended. Cefadroxil was 
used in cases where it was suspected that the family 
would not comply with four times daily dosage of 
two antibiotics. Erythromycin or fusidic acid were 
used in cases of penicillin allergy. A combined 
topical corticosteroid-antiseptic ointment was used 
in the presence of chronic lichenified patches of 
eczema. Topical treatment with an antiseptic, 
povidone-iodine 10% ointment, was used where a 
purulent discharge was present. Topical treatment 
alone was given only where it seemed that the 
infection was localised. 


Results 


One huadred and sixty four episodes of infection 
and 20 episodes of possible infection (as defined 


4 6 year old child with atopic eczema. The crusting plus weeping on the face (a), and the dense crusting on the 
rand (b), suggest the presence of bacterial infection. 


Of 


above) occurred in 76 (40%) of the 190 patients. 
Twenty six patients were infected at their first visit. 
Twenty five episodes (15%) of infection led to 
admission to hospital. Three children were admitted 
twice for this reason. Twenty three admissions were 
because of the severity and extent of the infected 
lesions, and two admissions were because of syste- 
mic illness associated with the infection. The bac- 
teriological results and details of treatment are given 
in the Table. 


Recurrent infections. Fifty two (32%) of the 164 
infections were recurrences within three months of a 
previous infection, 30 of the 52 occurring within one 
month of the previous infection. Attempts to 
prevent further recurrences comprised the topical 
application to the tnside of the nostrils (four times 
daily for two weeks) of chlorhexidine hydrochloride 
0-1% and neomycin sulphate 0-5% cream (21 
infections), and the addition of 25 ml of chlor- 
hexidine gluconate 1-5% and cetrimide 15% 
solution to each bath. There are insufficient data to 
assess the efficacy of either procedure. 
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Table Infections and possible infections: bacteriology results and treatment 


Infections (n= 164) 
Bacteriology l 
Skin swab results 
| streptococci 
S- aureus alone 


P haemolytic streptococci alone 


Lancefield grouping of f Group A 
haemolytic streptococci 


Resistance of S aureus 


Treatment 
Oral antibiotics for 14 days 


Phenoxymethylpenicillin + flucoxacillin 
ucoxacillin 


Cefedroxil 
Phenoxymethylpenicillin - 
Fusidic acid + erythromycin 
Fusidic acid 
Erythromycin 

Topical steroid/antiseptic | 


| ointment 


Chlorquinaldol 3%/hydrocortisone 17- 


butyrate 0-1% oint. 
ioquino 3%/flurandrenolone 
| 0-0125% sintment 


Topikal antiseptic Povidone-iodine ointment 


Suuphylocoocus aureus + B haemolytic 


| 
Glioquinol 3%/hydrocortisone 1% 


% Possible infections (n=20) % 


S aureus + B haemolytic streptococci 62 
35* S aureus alone ` 38 


68t Group A 100 


7G Penicillin 190 
18 


gre 


Phenoxymethylpenicillin + flucoxacillin 
Flucoxacillin 

Phenoxymethylpenicillin 
Phenoxymethyipenicillin + fusidic acid 


namna BE 


BBuwwawe er OL 


Clioquinol 3%/hydrocortisone 1% 
ointment 40 


for) 


bo 


2i Povidone-iodine ointment 5 





*Combined with pneumococcus in one patient. 
tCombined with Pseudomonas aeruginosa in' one patient. 
+7% were resistant to erythromycin. 


i 
Nose and throat swabs. Staphylococcus aureus was 
recovered from 41% of all nose swabs. Beta 
haemolytic streptococci were recovered from 24% 
of all throat swabs and from'42% of those from 
patients with positive streptococcal cultures from 
the skin. In no patient did a nose swab indicate a 
staphylococcus when one was not also found in the 
patient’s skin. In three patients who had only a 
staphylococcus in the skin, a throat swab detected B 
haemolytic streptococcus, and in two of these three 
this was a group C organism. 


Adverse effects. Deterioration’ of the eczema was 
attributed to an oral penicillin i in two patients, and 
the treatment changed to another antibiotic. The 
combination of two penicillins resulted in diarrhoea 
in two patients, causing the parents to stop treat- 
ment. The unpleasant taste of flucloxacillin powder 
led to a change to the antibiotic syrup in two 
patients. The antiseptic component of the topical 
antiseptic-corticosteroid combinations invariably 
caused yellow staining of clothes or hair. 


| 
| 
| 
| 
i 


Discussion 


There are problems with the definition of ‘infected 
eczema’.’ While the discharge of pus strongly 
suggests infection,® other appearances are not so 
clearly diagnostic. The presence of weeping is 
unreliable; although it may be due to infection, it 
may also be the result of a deterioration due to 
allergy or simply to incessant scratching. The 
presence of bacteria on eczematous skin is almost 
universal,’ 1° and colonisation cannot be considered 
a criterion of infection. In this study, the definition 
of infection included response to anti-infective 
treatment, usually oral antibiotics. Oral antibiotics 
were Chosen because of the widespread nature of 
many of the infections, and the severity of some. 
Topical antibiotics were not used because of the 
possibility of sensitisation and the difficulty of 
application to widespread lesions. All patients with 
physical signs suggesting infection were treated, so 
the possibility that some lesions might have re- 
covered spontaneously cannot be excluded. 


There were 164 episodes of symptomatic bacterial 
infection affecting 40% of 190 children with atopic 
eczema daring a two and a half year period. This 
does not include those treated by the general 
practitioner or those with uncertain response to 
treatment. The high hospital admission rate partly 
reflects the severity of some of these cases. It is also 
partiy attributable to the local policy of using short 


how to continue the same management at home. As 
in gay hospital based study, the patients were 
selected and contained an excess of severe or 
intractable cases, but in this group infection was 


Tke importance of $ aureus as a skin pathogen is 
well known, but the frequency of concomitant 
infection with p haemolytic streptococci, 62% in this 
series, is bess well appreciated. This high incidence 
of streptococci underlines the need for treatment of 
both streptococci and staphylococci in infected 
eczema. Flucloxacillin has antistreptococcal activity, 
and ought to be adequate as a single agent to deal 
with both bacteria. Previous local experience of 
treatment failure with flucloxacillin alone, however, 
led to the addition of phenoxymethylpenicillin. 
Eryéaromycin was avoided except in cases of penicil- 
lin allergy, because of the high incidence (18%) of 
erytaromycin resistant staphylococci. Cefadroxil 
was sometimes used, as a single agent to cover both 
pathogens and having the advantage of requiring 
only twice daily dosage. The role of topical antisep- 
tics, topical antiseptic-corticosteroid preparations, 
antiseptics in the bath, and intranasal neomycin and 
chlorhexicine cream are not clarified by this study. 

Thirty two per cent of the B haemolytic strepto- 
coec: were not Lancefield group A. The data do not 
distinguish between the relative pathogenicity of 
different strains of streptococci in atopic eczema, 
nor do they prove the individual importance of 
either streptococci or staphylococci. Treatment was 
directed against both organisms. Obtaining bacteri- 
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ology swabs from the skin was atraumatic, but 
taking nose and throat swabs was disliked. The 
results indicate that taking nose and throat swabs ts 
unnecessary, for it did not detect organisms that 
could not be more simply recovered from the skin, 
and did not influence treatment. 

This study shows that it is common for bacterial 
infection to cause exacerbations of atopic eczema. 
The signs of infection are not always clear, and there 
is a case’ for a trial of oral antibiotic treatment in 
any child with troublesome atopic eczema. 
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Medical Hlustration, Dr R F Williams, Professor R D H Boyd, 
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C reactive protein in the evaluation of febrile illness 
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SUMMARY We studied prospectively 154 febrile children to determine the diagnostic value of the 
quantitative serum C reactive protein concentrations (CRP). Children with acute otitis media, 
acute tonsillitis, or treated with antibiotics during the two previous weeks and infants less than 2 
months of age were excluded. Ninety seven children were from private paediatric practice and 57 
were patients who had been admitted to hospital. The comparison group consisted of 75 children 
with confirmed bacterial infections whose CRP values were recorded retrospectively. In the study 
group 35 (23%) children had a confirmed viral infection, 92 (59%) had a probable viral infection 
as judged from the clinical picture and outcome of the illness, and 27 (18%) had a bacterial or 
probable bacterial infection. When the duration of the disease was more than 12-hours and the 
CRP value less than 20 mg/l, all children had a confirmed or probable viral infection. Nine 
children (one from the study group and eight from the comparison group) were found to have a 
septic infection and a CRP yalue of 20 mg/l or less. In all these cases, however, the duration of the 
symptoms was less than 12 hours. In addition CRP <20 mg/l was found in five (14%) children 
with urinary tract fection a the comparison group. CRP values of 20-40 mg/l were recorded in 
children with both viral and bacterial infections. A CRP value 240 mg/l detected 79% of 
bacterial infections with 90% specificity. Our data show that determination of serum CRP 
concentrations is a valuable’ tool in evaluating-children who have been ill for more than 12 hours. 


Febrile children comprise one of the most important Children with acute otitis media were excluded 
problems in paediatric practice. The major diagnos- because they are routinely treated with antibiotics. 
tic goal is to distinguish bacterial and treatable Children with tonsillitis were excluded because a 
infections from viral ones. [Recent studies have separate study was being carried out of tonsillitis. 
shown serum C reactive protein (CRP) determina- There were 70 girls and 84 boys. Seventy eight 
tion to be useful in the diagnosis of invasive bacterial (51%) children were less than 2 years old, 42 (27%) 
infections. We studied the value of CRP in between 2 and 6 years, and 34 (22%) over 6 years 
evaluating febrile children with a special attentionto old. The mean age was 3 years 4 months with a 
respiratory virus infections. range of 2 months to 14 years. 
‘The outpatients received a questionnaire for 
Patients and methods | follow up of the symptoms and signs of the disease. 
Re-examination was performed in 83 of 97 out- 
Study group. From March 18'to May 31 1984, 154 patients seven days after the first visit, and the 
consecutive febrile children with respiratory tract questionnaire was returned. The follow up was 
infection or without localising signs of infection were conducted by telephone in another 13 patients, and 
studied prospectively. Of these, 97 were outpatients one patient returned the questionnaire by mail. The 
from private paediatric ated and 57 were patients inpatients were treated in the hospital until afebrile 
who had been admitted to'our Department of and were not routinely re-evaluated. 
Pediatrics. Fever were defined as an axillary Blood was taken for routine haematologic tests 
temperature of 38°C (100-4°F) or higher. Children (total white blood cell counts (WBC) and differen- 
with acute otitis media, acuteitonsillitis, or treated tial counts, erythrocyte sedimentation rate (ESR), 
with antibiotics during the two previous weeks and and CRP). Nasopharyngeal mucus aspirates for 
infants less than 2 months of age were excluded. rapid diagnosis of virus was taken from 135 children. 
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Further studies were performed only on specific 
clinical indications. Urine analysis with culture was 
performec in 68 patients, throat culture for B 
haemolytic streptococci in 34 patients, blood culture 
in 26 patients, chest roentgenogram in 27 patients, 
bacterial antigen (Haemophilus influenzae type B. 
Streptococcus pneumoniae, Neisseria meningitidis) 
detection from the urine in 14 patients, lumbar 
puncture in 11 patients, and bacterial antigen 
detection in serum in eight patients. Pneumococcal 
antibodies from paired sera were studied in 20 
children. 


Comparisen group. The comparison group for CRP 
concentrations, total WBC counts, and ESRs in 
bacterial iafections included 75 children with proved 
bacterial Cisease treated in the same hospital from 
January 1 1982 to February 28 1984. The case 
records of these children were reviewed retrospec- 
tively. There were 22 boys and 53 girls, and the 
mean age was 2 years 9 months with a range of 2 
months to 16 years. Thirty six patients had urinary 
tract infection (bladder tap culture positive), 21 
meningitis (spinal fluid culture positive), 11 epiglot- 
ttis (blood culture positive), five septicaemia, and 
two cellulitis with a positive blood culture. 


Determination of CRP. The CRP values of the 
patients who had been admitted to hospital were 
determined on admission quantitatively by turbi- 
dometry (Multistat HI, IL) using standards from 
Behringwerke AG and antiserum from Dakopatts 
AS. In the outpatients the CRP was quantified 
with a rapid liquid phase immunoprecipitation 
technique” using reagents (CRP kit cat no D-147 
and CRP Buffer cat no D-179) from Orion Diagnos- 
tica, Finland. 


Enzyme immunoassay for viral antigens. Naso- 
pharyngeal secretion specimens were collected by 
suction through nostrils with a disposable mucus 
extractor : Vygon, Ecouen, France). The specimen 
volume obtained was usually 0-5-2-0 ml. The 
specimens were tested parallel for respiratory 
syncytial virus, adenovirus, influenza A and B virus, 
and parairfluenza virus type 1, 2. and 3 antigens by 
analogous enzyme immunoassays. The indirect 
enzyme mmmunoassay was used as described 
previously.“ 


Enzyme iramuncassay for pneumococcal antibodies. 
IgM. IgA. and IgG antibodies to pneumococci 
were assessed by an enzyme immunoassay with a 
l4 valent pneumococcal polysaccharide vaccine 
(Pneamovax®; Merck, Sharp and Dohme) as anti- 
gen. The antigen was coupled (1-4 ug/ml) onto 


polystyrene microtitre plates (Linbro/Titertek, Flow 
Laboratories, Hamden, Connecticut), The coupling 
buffer was 0-05M phosphate buffered saline (pH 
7-4). The same buffer supplemented with 1% 
normal sheep serum was used for saturating the 
plates and as an assay buffer. Sera were diluted 
1:100 for incubation. After incubation conjugated 
antibodies to human IgM, IgA, or IgG (Orion 
Diagnostica, Espoo, Finland) were added. P-nitro- 
phenylphosphate (Orion Diagnostica) was used as 
substrate, and the optical density was measured at 
405 nm by a vertical beam photometer (Titertek/ 
Multiskan, Eflab Oy, Helsinki. Finland). A stan- 
dard curve was prepared for each immuno- 
globulin class. The resalts were expressed as relative 
units (EIU), where one unit was 1/100 of cor- 
responding antibody concentration in the reference 
serum. 


Statistics. Statistical analysis was carried out by the 
one way analysis of variance and the Tukey-Kramer 
method using logarithmic CRP and ESR values. P 
values less than 0-05 were considered significant. 


Results 


Disease range. In the study group 35 children (23%) 
had a confirmed viral disease. 27 (18%) had a 
bacterial or probable bacterial disease, and 92 
(59%) had a probable viral infection. Sixty (65% ) 
patients with probable viral infection had respira- 
tory symptoms. Eighty one (88%) of the children 
with probable viral infection recovered within a 
week without treatment with antibiotics. The 
remaining I] patients were treated with antibiotics 
for various reasons. 

The viruses found by direct antigen detection 
were parainfluenza type 3 (14 cases), influenza B 
(12), parainfluenza type 1 (7), adenovirus (3), and 
respiratory syncytial virus (1). One patient had both 
parainfluenza type 3 and respiratory syncytial virus 
simultaneously. One child had parainfluenza type 3 
virus at the first visit and influenza B virus at the 
follow up visit. Table 1 shows the diagnoses of the 
patients. The aetiologic agent of all urinary tract 
infections was Escherichia coli. The causative agent 
in the two cases of meningitis was Haemophilus 
influenza type B, cultured from the spinal fluid and 
the blood. Sixteen children had lobar pneumonia 
with high fever, and they all responded to treatment 
with antibiotics within 12-24 hours, fulfilling the 
clinical criteria of bacterial pneumonia. Pneumococ- 
cal antibodies were raised in four of these patients 
(IgM 7-4~13-1, IgM 7-5-30-1, IgM 12-5—-24-5. and 
IgA 0-6-22.3, respectively). One patient was posi- 
tive for pneumococcal antigen in the urine and 
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Table 1 


meena 


Diagnoses of patients of the study group 





Ouipanenis ine 97) 





Leevastamacpringimanhedrirsh AAA panama ar LA A ar aA: 


Patients who had been admitred to hospital (n= 373 


Proved or suspected viral diseases 





Upper respiratory tract infection 52 {197 Fever without localising signs & (hy 
Fever without localising signs 32 hy" Laryngitis 7 (dy 
Pharyngitis 3 Wheezy bronchitis 7 
Urticaria k Upper respiratory tract infecuion ? f4y" 
Laryngitis | Febrile convulsions aa)" 
Wheezy bronchitis ! Exanthem subitum a 
Exanthem subitum i Purpura non ultra deseriptus I 
Proved ar suspected bacterial diseases 
Lobar pneumonia A e a Lobar pneumonia TEEI 
Streptococcal pharyngitis 32" Urinary tract infection Sar" 
Urinary tract infection bach * Meningitis E OS as 
Preumococcacmia ee ae 
“Confirmed viral infecuion (positive for aasopharyngeal secretion), 
**Bacterial culture or antigen detection in serum/urine positive or serologically confirmed bacterial infection. 
Table 2 C reactive protein values (CRP), white blood cell count f WBC), and erythrocyte sedimentation rate (ESR) 


in patients with bacterial, viral, and probable viral infections 





CRP tmeh 
H Mean (SD) 
Study group: 
Bacterial infections I7 GR {67} 
Viral infects 35 13-412) 
Probable viral infecuons 92 p7 p20) 


Comparison group: 


Sepuc infections ay Ha 421) 
Urinary tract infections 36 KU (ff) 





serum, and one patient had a positive blood culture 
for Haemophilus influenzae type B. 


CRP, WBC count, and ESR. Table 2 shows the 
mean (SD) values of CRP, WBC count, and ESR. 
The differences between bacterial and viral diseases 
and probable viral infections were significant 
(p<0-05) in all these laboratory tests. There was no 
significant difference between viral and probable 
viral diseases. nor in bacterial infections between 
the study group and the comparison group. 
Because CRP values may not begin to rise in some 
patients until 12-22 hours after onset of stimulus,” 
patients who had been sick for less than 12 hours 
were excluded from the calculations of the sensitiv- 
ity and specificity of CRP, WBC count. and ESR for 
bacterial infections. In three patients of the study 
group the duration of symptoms was less than 12 
hours: one had pneumococcaemia, one bacterial 
pneumonia (confirmed serologically}, and one 
meningitis. One of these patients had CRP <20 mg/l. 
Table 3 shows the sensitivity, specificity, and predic- 
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WBC count CXIO D ESR Gnmht} 


n Mean (SD; H Mean (SD} 
27 INE (6-7) 23 57 (30) 
35 H5 (4-5) 32 to iil) 
yy Q.7 (5-34 Ke 1 (42) 
39 L7 (TR) 34 46 (323) 
3A 19-8 (4:3) 33 AS (33) 


tive values of CRP, WBC count, and ESR for 
bacterial infections in the study group. Of the 
patients with viral or probable viral infection, 75% 
had CRP less than 20 mg/l. Of the patients with CRP 
>40 mg/l, 59% had bacterial infection, and 90% 
of patients with viral or probable viral infection had 
CRP <40 mg! (Figure). 

Of the patients with bacterial disease, 67% had 
WBC count >15x10°/1, and 87% of patients with 
viral or probable viral infection had WBC count 
<15x10°. ESR >30 mm/h detected 91% of 
patients with bacterial infections, and 89% of 
patients with viral or probable viral infection had 
ESR <30 mm/h. 

In the comparison group there were eight patients 
with septic bacterial infections with duration of 
symptoms for less than 12 hours and CRP <20 mg/l. 
In addition there were five children with urinary 
tract infection with CRP <20 mg/l. 


Outcome and treatment. Eighty three outpatients 
attended the follow up visit. Eight children had otitis 
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Table 3 Sensitivity.” specificity,* positive predictive value, and negative predictive value af C reactive protein 
cornceatramons (CRP), white blood cell count (WBC), and erythrocyte sedimentation rate (ESR) for bacterial 
infections in the study group of 151 children who had been ill for more than 12 hours (values are %) 
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Sensiihy pectic Hy Positive predictive Negative predictive 
weal tag HEHE 





CRP mgl) >H too 15 - se 


DSH hå YS RS 33 


WBE paiga = 1G Of ifs as 99 


ESR umn/hp > 9i R9 6l 
CRP imo WBC òx KPH 


ESR ompyhY WBC x 10h 
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“Prosabihiy char test results will he positive when bacterial disease js present. 
*Proability chat test results will be negative when bacterial disease is not present 
ePromabihty chat bacterial disease is present when results of test are positive. 


SPromatelity shat bacterial discase is not present when results of test are negative 


Outpatients Patients admitted | Patients with septic | Patients with urinary 
to hospital infections tract infections 
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Figere Serum C reactive protein concentrations of patients in the study and the comparison groups (@= bacterial infection, 
Liscoafirmed viral infection, =probable viral infection). 
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media, six of whom had had a confirmed viral 
disease at the first visit. Fourteen children had 
minor respiratory symptoms, and one had wheezy 
bronchitis. All but one of the children with a new 
viral infection (influenza B) and otitis were afebrile. 
The children contacted by phone or by mail had 
recovered uneventfully. 

Seven of the 97 outpatients were treated with 
antibiotics at the first visit. Of these, two had 
alveolar pneumonia, one had urinary tract infection, 
and two had influenza B virus infection. Two 
patients with streptococcal pharyngitis were treated 
after their throat culture proved positive. In the 
other eleven outpatients treated, antibiotics were 
started during follow up or at the follow up visit. 
Eight of the treated children had acute otitis media, 
one had lymphadenitis, one had upper respiratory 
tract infection, and one had a positive throat culture 
for B haemolytic streptococci group G, although she 
did not have pharyngitis. All 22 bacterial infections 
of patients who had been admitted to hospital were 
treated with antibiotics. Altogether, 18 outpatients 
(19%) and 32 patients who had been admitted to 
hospital (56%) were treated with antibiotics. 


Discussion 


This study differs from previous studies of CRP in 
that rapid detection of respiratory virus antigens in 
nasopharyngeal mucus permitted us to diagnose the 
specific viral aetiology within 30 hours in 35 (23%) 
patients. The results show that the quantitative CRP 
test is a valuable tool for distinguishing viral infec- 
tions from bacterial infections in febrile children. If 
the duration of the illness was more than 12 hours 
and the CRP value was less than 20 mg/l all children 
investigated had viral or probable viral infection. 
Seventy six (78%) of the 97 febrile children studied 
in private practice and 19 (34%) of the patients who 
had been admitted to hospital belonged to this 
group. There were nine children (one in the study 
group and eight in the comparison group) with CRP 
_ <20 mg/l who had an invasive bacterial infection. In 
all cases the duration of the disease was 12 hours or 
less, which suggests that the CRP test is good for 
screening only in patients who have been sick for 
more than 12 hours. McCabe and Remington re- 
ported CRP values less than 20 mg/l in 14% of 36 
patients with bacteraemia.’ The study, however, did 
not report the exact duration of the symptoms of the 
patients. CRP was <20 mg/l in five (14%) of the 
patients with urinary tract infection in the compari- 
son group of this study, suggesting that the infection 
would have been in bladder level. Jodal et.al have 
shown that serum CRP concentrations will not 
increase in cystitis.’ 


A CRP value exceeding 20 mg/l has been sug- 
gested as a screening limit for bacterial infections.’ 
In this study we found its sensitivity for bacterial 
infection to be 100%, but the false positive rate was 
25% and the positive predictive value only 43%. 
Our data prefer CRP value 40 mg/l as a screening 
limit, because its specificity (90%) and positive 
predictive value (59%) are better and sensitivity is 
still 79%. Raised CRP values (240 mg/l) were 
found in one (3%) of 35 patients with confirmed 
viral infection and in 13 (14%) of the 91 patients 
with probable viral illness. We have shown previously 
that in children who were admitted to hospital with 
adenovirus, influenza, parainfluenza, or respiratory 
syncytial virus infection CRP values more than 40 
mg/l were recorded in 38%, 20%, 0%, and 13% of 
patients, respectively.” Some of these patients may 
have undergone a concomitant bacterial infection, 
which remained undiagnosed. On the other hand, it 
is probable that some viral infections, especially 
adenovirus infections,‘ may induce so much tissue 
damage that CRP values will be raised. 

Many previous studies have evaluated the value of 
WBC count, ESR, and CRP in the detection of 
serious bacterial infections.’’’° No test alone or in 
combination has 100% sensitivity and specificity for 
bacterial infections. Rasmussen and Rasmussen 
have shown that WBC and differential counts have 
little value in distinguishing bacterial infections from 
viral infections.'! McCarthy et al found a clinically 
useful association between a WBC count >15x10°/ 
and ESR >30 mm/h and pneumonia or bacteraemia 
in children less than 2 years old with temperatures 
>40°C.'° In a further study they showed that ESR 
230 mm/h was more sensitive than a positive slide 
test for CRP (1:50) in bacteraemia, pneumonia, and 
other bacterial infections, but it was less specific 
than a positive CRP test or a high WBC count.” 

In this study the best single indicator of bacterial 
infection was ESR >30 mm/h with a sensitivity of 
91% and a specificity of 89% (Table 3). In con- 
firmed viral and probable viral infections ESR was 
less than 30 mm/h in 89% and 88%, respectively. 
The differences between ESR >30 mm/h and CRP 
>40 mg/l, however, were small, and the CRP test 
has several other advantages over ESR. CRP can be 
measured quantitatively with a simple and inexpen- 
sive method in 15 minutes.‘ It increases within hours 
and, most important, CRP decreases during success- 
ful treatment with a half life of three days.’ The 
decrease is much more rapid than that of ESR.’ 
The rapid decrease of CRP permits the use of this 
test during the follow up of patients with bacterial 
infections. Peltola ef al have recently shown that a 
reincrease of CRP during the treatment of bacterial 
meningitis reflects complications.” 
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the determination of CRP combined with a 
careful clinical examination was useful when the 
necessity of treatment with antibiotics was being 
cormsidered. Only seven of 97 outpatients were 
treated with antibiotics at the first visit. The 
uneventfal recovery of 79 (88%) of the untreated 
outdatients justifies our antibiotic policy. 

In conclusion, our data show that determination 
of ZRP is a valuable tool in evaluating febrile 
children. When the duration of the illness is 12 hours 
or more and serum CRP concentration less than 20 
mga and there is no identifiable focus of bacterial 
infection—that is, otitis, tonsillitis, cystitis, etc—the 
disease is most probably a benign viral infection. 
CRP values of 20-40 mg/l may be recorded both in 
viral and bacterial infections. Most febrile children 
wita CRP >40 mg/l have a bacterial infection. 
Finally, i: should be emphasised that no laboratory 
test will replace careful clinical judgment of a febrile 
chit. 


Thie research was supported by grants from the Academy of 
Finland, the Sigrid Juselius Foundation, and the Foundation for 
Pedaitric Research. 
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Comparison of desmopressin and enuresis alarm for 
nocturnal enuresis | 


SOREN WILLE | 
Open Pediatric Clinic, Falkenberg, Sweden 


SUMMARY Fifty children with primary nocturnal enuresis were randomised for a study comparing 
desmopressin (DDAVP) and enuresis alarm. Forty six completed the trial, 24 of whom were 
treated with 20 ug intranasal desmopressin nightly and 22 with enuresis alarm for three months. 
Failures were crossed over and relapses were continued on the same treatment for a further three 
months. The improvement rate was 70% in the group given desmopressin and 86% in the group 
treated with alarm; the difference was not significant. During the first week of treatment the 
group given desmopressin was significantly dryer, and at the end of the study 10 of these patients 
relapsed compared with one patient in the group given the alarm. No serious side effects were 
observed. 

This study confirms the role of conditioning treatment as preferable in long term treatment of 
nocturnal enuresis. When this fails or when a safe drug with rapid effect is needed, however, 


desmopressin is a useful alternative. 


Bedwetting among children is a common disorder, 
affecting 30% ata age 4, 4, 10% at age 6, 3% at age 12, 
and 1% at age 20. Untreated, the spontaneous cure 
tate is about 15% a year.* Treatment is dominated 
by two approaches, enuresis’ alarm and drugs. 

The enuresis alarm was invented by Pfaundler in 
1904.° Since then many studies have shown the 
benefit of these devices,” and a recent study 
comparing different mechanisms showed no impor- 
tant difference in their efficacy. 6 Treatment usually 
results in an initial cure in 65-1900% of cases with a 
relapse rate of 9-47%. Modern devices are free of 
the adverse effects of earlier, models such as ery- 
thema and ‘buzzer ulcers’.’ . 

Treatment with drugs has largely been focused on 
tricyclic antidepressants especially imipramine or, 
more recently, antidiuretic agents such as desmo- 
pressin (DDAVP). For imipramine the proportion 
of total remission is 10-50% during treatment and a 
long term cure in 5-40%.® ‘However, numerous 
reports of side effects, some lethal, have led to a 
decline in its use.’ 

Since Dimson in 1977 reported on the effects of 
desmopressin’ several double blind, placebo con- 
trolled studies have shown the efficacy of the drug 
often with rapid effect but also often with immediate 
relapse after ending treatment. !° The drug seems 
to be safe with few side effects. As this drug has not 


been compared with other treatments for nocturnal 
enuresis and as no long term studies have been done 
this study compared the efficacy and safety of 
desmopressin with an enuresis alarm in a controlled, 
randomised study of three months’ duration. 


Materials and methods 


Between January 1982 and August 1983, 87 children 
with nocturnal enuresis were referred to my office 
and were screened for entry into the study. Inclusion 
criteria were: boy or girl older than 6 years; not dry 
for more than six months after the third year; at 
least three wet nights a week during observation 
period; and written, informed parental consent. 
Exclusion criteria were: treatment for enuresis 
during previous year; day enuresis; cardiovascular 
disease; renal disorder; neurological disease; and 
chronic urinary tract infection. 

Of the 56 patients who qualified for randomisa- 
tion, six chose not to participate. After written and 
oral information, parental consent was obtained 
from the remaining 50 patients who were rando- 
mised to three months’ treatment with either an 
enuresis alarm (Eastleigh Al or AIP with wire mesh 
pad, N H Eastwood and Son Ltd, London, or Sesam 
Dry-Bed with aluminium tape plastic pad, Astric 
Products Ltd, Brighton) or a bedtime dose of 20 ug 
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desmopressin (Minirin intranasal solution, Ferring 
Pharmaceuticals, Malmo, Sweden) given by cali- 
brated nasal catheter (Rhinyle). All patients com- 
pleted a questionnaire. A complete history was 
taken and physical examination performed. Before 
and on ending the 3 months’ treatment the following 
laboratory tests were performed: white blood count, 
sedimentation rate, and serum electrolytes, 
haemoglebin, and creatinine concentrations. On the 
same occasions and after four weeks’ treatment, a 
urine sample was taken for culture, density, and 
osmolality in urine voided at 0500. All patients kept 
a diary card to note nocturnal events during treat- 
ment, including a two week observation period 
befere amd at the end of the study. About four 
wecks after treatment all patients were followed up 
and all relapses recorded. Patients were instructed 
to report relapses during the following two months, 
and these relapses were included in the final result. 
Patents who did not respond to given treatment 
were crossed over to the opposite treatment for 
another tiree months. Patients who relapsed during 
the three months after treatment were given the 
same treatment for a further three months. 


Statistical! methods. Wilcoxon rank sum test was 
used to compare the results of individual patients 
befere, during. and after treatment. The outcome of 
the two groups was compared using the y” test. 
Student’s ¢ test was used to compare laboratory 
values in and between the groups and to compare 
the mear result of the two groups week for week 
during treatment. 

The study protocol was approved by the Depart- 
meat of Drugs of the National Board of Health and 
We fare and the ethical committee of Malmö-Lund 
Unversity. 


Results 


Disiribut:on of the social classes of the parents in the 
two groups was similar. 

After the start of the study one girl in the group 
given desmopressin and one boy in the group given 
the enuresis alarm withdrew. In the group given the 
enuresis alarm one girl who developed urinary tract 
infection and one boy who became dry before he 
started treatment were excluded, leaving 24 patients 
in the group given desmopressin and 22 in the group 
given the alarm. 

The enuresis score was calculated from score 
tabes kept at home (dry=1, a little wet=2, very 
wet=3). Success was defined as less than five wet 
nights during the last 28 nights (average one wet 
night or less per week) or significantly lower 
enuresis score. In this way even patients who were 


much more dry than before but still a little wet were 
counted as clinically significant improvements and 
therefore as successes. During treatment there was 
no difference between treatment groups, but due to 
higher frequency of relapse in the group given 
desmopressin the result for the group given the 
alarm was significantly better both during the first 
two weeks after (p<0-02) and three months after 
treatment (p<0-001). 

The number of dry nights was analysed week by 
week during the study. The Figure shows the results. 
During the first treatment week (week 3) patients 
treated with desmopressin showed immediate im- 
provement and registered significantly more dry 
nights than patients in the group given the alarm 
(p<0-001). This trend continued for three weeks. 
During the last nine weeks the group given the 
alarm was drier, but this difference was only 
significant (p<0-002) in the llth week. After 
treatment both groups were significantly dryer than 
before, but the group given the enuresis alarm was 
more so (p<0-001 and p<0-02 for the group given 
the alarm and the group given desmopressin against 
baseline, respectively). The results were not dif- 
ferent when analysed according to age or sex. 

One patient treated with enuresis alarm relapsed 
after treatment. New treatment with enuresis alarm 
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after treatment with either desmopressin (@—®, n=24) 
(p<0-05; **p<0-01; ***p<0-001) or enuresis alarm 
(OHO; n= 22). 


was without effect. Ten patients who relapsed after 
treatment with desmopressin were given treatment 
for a further three months, which proved successful 
in seven. Four of these patients relapsed immedi- 
ately after treatment and another within the next 
two months, leaving two of the 10 patients with a 
better result after six months’ treatment. The 
number of patients who improved on long term 
treatment was now 10 (42%) of the group given 
desmopressin and 18 (82%) of the group given the 
alarm. 

Those who failed to respond to the first treatment 
regimen were crossed over to the opposite treat- 
ment. In the group crossed over from treatment with 
desmopressin five children did not respond to the 
alarm, two improved, and by the two month control 
three were better than before. Of three children 
who did not respond to the alarm, two improved on 
treatment with desmopressin, but both relapsed. 
There was no significant difference between treat- 
ment results during or after treatment. One child 
treated with the alarm dropped out after three 
weeks Owing to no improvement. 

There were no significant differences in the results 
of laboratory tests or blood pressure measurements 
between or within the groups, except for urine 
osmolality and density, which were significantly 
higher during treatment with desmopressin and 
urine osmolality in the group given the alarm, which 
was lower during treatment than before. Results of 
urine cultures and chemical tests were negative in all 
patients. 

No serious adverse effects were registered in any 
group. In patients treated with desmopressin for 
three months five (13%) complained of nasal 
discomfort and one (3%) had occasional nose 
bleeds. Two patients (5%) experienced a bad taste 
in the throat. Side effects in the group given the 
alarm were minor but more frequent; 21 patients 
(78%) complained of false alarms and five (19%) 
that the alarm did not work when the child wet the 
bed. In addition 15 (56%) stated that the alarm did 
not awake the child se 15 (56%) that other 
members of the family woke instead. One child was 
frightened of the alarm. 


Discussion 


There are only a few controlled studies comparing 
enuresis alarms with medical treatments. One recent 
study found alarms to be superior to treatment with 
imipramine.'’ In this study the success and relapse 
rates were similar to those of earlier studies of 
treatment with both alarms and imipramine.’ 

In the present study desmopressin gave better 
results during the first three weeks, showing that it 


has an immediate effect. As in earlier studies most 
patients relapsed after treatment, but in this study 
the frequency of wet nights was still significantly 
lower after treatment compared with before for both 
groups, although significantly more so for the group 
given the alarm. In both groups the success rate was 
superior to the spontaneous cure rate (15% per 
year), which would have cured less than two patients 
in each group during the study period. 

There has been discussion about how desmopres- 
sin works. Birkasova et al postulated that the effect 
was due to the antidiuretic effect of the drug.'* 
Aladjem et al, however, did not find any rise in 
morning urine osmolality during treatment:'” but 
these measurements were made on urine samples 
from late morning after the bladder had been 
emptied of the previous night’s urine. In my study 
parents took urine samples from their children at 
0500. In these samples, a significant increase of 
osmolality of morning urine was found during 
treatment with desmopressin. These findings sup- 
port the hypothesis that the effect of desmopressin 
results from its antidiuretic effect. Surprisingly, in 
the group given the alarm urine osmolality de- 
creased during the study, a result which may 
indicate that as the patients became drier their 
confidence grew so that they relaxed the restriction 
on their evening liquid intake. 

As in other studies using desmopressin the drug 
did not have any clinically significant adverse 
effects. In contrast, the reports on adverse effects 
from treatment with imipramine are common. In a 
recent review article tricyclic antidepressants were 
reported to be the commonest cause of fatal 
poisoning in children.” Older children have died 
from overdose of imipramine both accidentally and 
in the belief that a greater dosage gives a better 
effect. All of this suggests that treatment with 
tricyclic antidepressants does more harm than good 
and has no place in the management of childhood 
enuresis. There is no doubt, however, that treat- 
ment with desmopressin offers many benefits. It is 
safe, has a rapid onset of action, and in about 30% 
of cases produces lasting improvement after treat- 
ment is stopped. I believe that the enuresis alarm is 
the first choice for treatment, but when this fails or 
is impracticable and a safe, practical alternative is 
needed desmopressin is useful. 
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Evaluation of a developmental screening system for 
use by child health nurses 


B S L BU 


Special Services Unit, Child, Adolescent and Family Health Service, South Australian Health Commission, 
Adelaide, South Australia 


SUMMARY An adapted version of the Woodside system for screening general development of 
the child is being used by child health nurses as part of their routine duties. In the present paper 
the system is validated in terms of standardisation, reliability, and validity. The system was 
standardised on 444 children aged 0—4, the assessments being carried out by a fully trained child 
health nurse. The inter-tester reliability of the system was found to be at least 95%. The 
validation sample consisted of all 27 ‘abnormal’ children, all 20 ‘doubtful’ children, and 77 
‘normal’ children, and a highly significant correlation was obtained between the Woodside 
subsection scores and the relevant Griffiths’ scales subsection scores. The findings support initial 
impressions that the adapted Woodside system is accurate. It is recommended for use by child 
health nurses as part of their developmental surveillance. 
The basic premise underlying! aeda develop- system,!° which was devised ten years ago in 
mental screening is that the earlier a dysfunction or Woodside, a suburb of Glasgow, Scotland. A 
defect is identified, the better will be the final version of the Woodside system, adapted for 
outcome for mother or child, or both. Early Australian conditions, was introduced seven years 
diagnosis is certainly important with hearing and ago at the Mothers and Babies’ Health Association* 
visual dysfunction, as a delay in' beginning appropri- for use by child health nurses who were already 
ate intervention beyond the .known ‘critical’ or involved in preventive care of children aged 0-5. 
‘sensitive’ periods may result in' irreversible damage The adapted Woodside system was found to be short 
or distortion.°* The benefits in screening for gen- and easily administered and could readily be in- 
eral development are not so obvious, as similar corporated into the routine duties of the nurses. 
critical periods do not seem to exist. Even so, early It remained, however, for the system to be 
intervention will, in many cases, alleviate or im- standardised and validated for Australian children 
prove a developmental dysfunction, while failure to of different ages. The present study (begun in May 
intervene may compound the underlying problem.? 1980) evaluates the adapted Woodside system as it is 
If screening for general development can be used by child health nurses. 
justified consideration should be given to the 
suitability of available screening instruments and to The Woodside system 
the personnel who will apply them. Until recently, 
developmental screening in Australia was left to the The Woodside system uses four charts to provide a 
family doctor, who used his experience to make an visual summary of the developmental progress of a 
unstructured assessment of a child. Today, the art child. The charts, covering the areas of ‘Social’, 
and science of developmental screening has become ‘Hearing and language’, ‘Vision and fine motor’, 
more sophisticated, and its implementation has, in and ‘Gross motor’ development, are shown in 
some places, been transferred from qualified medi- Figure 1{a)}-(d). They have been adapted for 
cal practitioners to suitably trained, though lesser Australian conditions, mainly in the gross motor 
qualified, personnel. To i improve reliability, screen- area. 
ing instruments of a more formal nature and with 
predetermined referral criteria have been devised. — «Now part of the Child, Adolescent and Family Health Services, 
One such screening instrument is the Woodside South Australian Health Commission. 
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Normal progress 
SOCIAL Se ee 


. Able io dress — except laces and back buttons (H). 
. Ory a! night (H). 


. Washes hands (H). 
| Pulls pants up and down {H}. 


. Drinks and replaces cup (H). 
. Knows parts of the body (4) 


Orinks from cup without spilling (H). 
. indicates toilet needs (H). 


. Puts cubes into box after being shown, 

. Finds toy under cup. 

. Rings bell. 

. Chews and swallows biscuit (observed). Copes with 
solid ‘ood. 

13. Puts ebjects into mouth (cubes). 

14. Reaches for and shakes rattle. 


mh ed raih 
M a OO ON uU a O a 


15 Respends to friendly face. 
16. Enjoys being handled by mother (H). 


17. Smiles wher spoken to. 
18. Some vocal sounds (H). 





N _ 123456 git 24 36 4B MTH 
(H) — Hisiory of achievement sufficient. Pa O hd oe 


HEARING & LANGUAGE CERES E OORDE En 


. £ or more pronouns in conversation 
. Grammatical speech articulated correctly. 


. Says ‘irst name. 
. Knows own sex. 


. Senple sentences (H). 
. Plays with miniature cup and saucer. 


- Points to parts of body. 

. Says ‘ive or more words (H). 

Odeys simole commands, e.g. clap hands. 

. Says ess ihan 5 words including “Mama” “Dada” 
“Babe uf related to a person). 

. “Mamma” “Dadda” "Baba". 

. Hearing tesis above ear level. 


. Unintelligible babble. 
. Hearing tests at ear level, 


. Tarns eyes to sound. 
. Looks round meaningfully when spoken to. 


. SHHs to bell. 


— 
OW ON Mu AU N= 


oq. , See wii 
. SHUs to mother S voice. E T TT 
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(H) — History of achievement sufficient. 6:6 ei ee tae 


ae ee ee Sen ee nr a 
Om Oo bo NOs 





36 Eu 











© Abnormal progress 
VISION & FINE MOTOR THH 
i Lt ttt TT 
: : . SERSESNARNLENE 
1. Picks up and replaces very small objects, e.g. pins. rit i Ti i tit iif 
with gach eye covered separataly. CERARRSRERNI INMA 
. Copies a square. AES TEA A ET 
. Builds a'brìidge of three bricks when shown. SEE H 
Makes a vertical line when shown. BERRIIRERESEEE 
Makes a tower of six bricks when shown. | t 





Makes a scribble on paper. 
Makes a tower of three bricks when shown. 


. Pincer grasp using a small object e.g. Smanie. 
. Bangs bricks together when shown. 


11. Side of finger grasp using a smali object. e.g. Smartie. 


le 
OM N ON awn 
REEERE 









12. Matches cubes. tT eet TT NE 

FILETTE) FET EZTI IYI TITT) 

9 ee cube Tom table or hand. HH HH ett tty tt 

. Transfers cube from one h to 

ener EA ST et eet 

i eae ee ECC ee eM tH 
. Follows a movin rson with eyes. — 

ae a Hiet ttt 

17. Follows a moving tace with eyes. awe NL ERR ERE Reese 
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GROSS MOTOR 'Fall-off ' prog 


1. Stands on one teg 35 seconds. 
2. Hops. , 


Stands on leg momentarily. 
Walks on tiptoe (H). 





3. 

4, 

5. Runs on whole of foot. 

6. Kicks ball. : 

7. Picks object from floor without overbalancing. 
8. Kneels without support (H). 


9. Pulls to standing on furniture. 
10. ‘Cruises’ round furniture. 


11. Sits steadity on floor without susport for few mins. (H) 
12. Stands holding on to furniture. 


13. Sits against wall or hand-no lateral support — 2/3 secs. 


SAGRRRReDS (ease eee 
ta ppt HHH 


zl 
14. Hold round walst, lower abruptly sxclude scissoring. = 
15. Pull from tying. Little or no head lag. a 
16. Ventral suspension. Holds head above plane of body. un ae -~ 
17. Ventral suspension. Head in plane of body. ttt Ae H 
l , COCO 

(H) — History of achievement sufficient. 12345678910112 18 2 Æ 43MTHS 

6/52 9/12 2 Yrs. 4 Yrs. 


Fig. 1 Charts used in Woodside system to provide a visual summary of the developmental progress of a child: (a) Social; 
(b) Hearing and language; (c) Vision and fine motor; and (d) Gross motor. 
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On the horizontal axis of each chart is shown the 
age of the child, with a range from 6 weeks to 4 
years. The vertical axis contains a variety of tests set 
out in pairs with the pairs corresponding to 
appropriate ages and forming a step pattern across 
the chart. In each of the four charts a child's 
developmental ability is plotted against the age of 
the child. In practice there is a minimum total of 
eight tes! items to be applied for any individual 
chiki—that is, two test items for each of the four 
developmental areas. 

With, for example, a 9 month old child being 
assessed using the chart on ‘Social’ development, a 
mark is made on the upper level of the step if the 
child succeeds in both test 11 and in test 12, and at 
the lower level of the step if he or she succeeds in 
onl one of them (in Figure 2, these two marks are 
represented by O and o, respectively). If tests 11 
and 12 are both failed, the child is assessed on tests 


13 and 14, which are normally accomplished by a 6 
month old child. Success at one or both of tests 13 
and 14 is scored at the appropriate level (X or x in 
Figure 2). Tests 15 and 16 are applied if a child fails 
at tests 13 and 14 (scored V or v in Figure 2). For a 
bright child tests 9 and 10 might be attempted, which 
are normally accomplished by a 12 month old 
(scored Y or y in Figure 2). This last procedure is 
not recommended routinely as the object is to 
identify delay rather than bright children. 

The assessments recorded on the individual charts 
are interpreted as follows: if the marks on the chart 
lie on or above the step the child’s development in 
the particular area is suspected to be normal: if the 
marks lie between the step and the dotted. or 
‘threshold’ line, development is considered to be 
doubtful; and if the marks lie on or below the dotted 
line, development is suspected to be abnormal/ 
delayed. 


ADAPTED FROM THE WOODSIDE SYSTEM 


NAME: 0.0.8. 


SOCIAL 





1. Able to dress - except laces and back buttons {H}, 
2. Ory at niga (HL 


. Washes hands iH}. 
- Polls pantsup and down (H). 






fe ind 


5. Ceinks and replaces cup (H). 
6. Dry by day IHI. 


7. Danks trom cup without spilling (H). 
§. irnelicates teilet needs iH}, 


9. Pots cubes onto box after being shown. 
0. Fesds toy vedet cup. 


il. Agprehensiwe of strangers. 
12. Chews and swallows biscuit lobserved}, 
Capes with solid food tH}. 


13) Pats objects into mouth (cubes). 
14. Reaches for and shakes rattle, 


15. Responds te friendly face. 
16. Ereoys being handied oy mother (Hi, 






BENENE 


17 Smiles when spoken to. 
iB. Sepe vocal sounds 4. 


me Gi 
1 






iM} = 4istory of achievement sufficient, 652 










4 


Mother/chid interaction, 
interest in surroundings/peopie, 
Activity, appropriate for age. 


Emotional Reaction Check: 


suunnan: 


Normal / Doubtful / Abnormal. 


Observation: 




































CREN 
= 
SERES 












a8 MONTHS 
4 Yrs. 


“ig. Example of a 9 month old child assessed for social development (see text for explanation). 
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When the assessment plot lies on or below the 
dotted line in the first year of life the child’s 
development is delayed by roughly three months; in 
the second year it is delayed by six months; and in 
the third and fourth years it is delayed by 12 months. 
For purposes of computer analysis in the present 
study, a score was allocated to the levels of 
attainment (in Figure 2}—that is, Y=7, y=6, O=5, 
o=4, X=3, x=2, V=1, and v=0. l 

Criteria which are used to decide whether a 
particular child should be further followed up or 
referred for appropriate diagnostic assessment are: 

(1) If a total of two or more doubtful marks are 
recorded from the four areas of assessment the child 
is referred for a full diagnostic assessment. 

(2) In the event of one doubtful mark being 
recorded in the area of ‘Gross motor’ development, 
the child is reassessed in two months’ time. 

(3) If one or more abnormal/delayed marks are 
recorded the child is referred for a full diagnostic 
assessment. 

(4) If there is a ‘fall off in development from 
normal at one assessment to doubtful or abnormal/ 
delayed at a subsequent assessment the child is also 
referred for a full diagnostic assessment. 

The system is most helpful for regular, routine 
' screening as it can be seen at a glance how a 
particular child is developing. Figure 1(a) shows 
normal progress, Figure 1(b) doubtful progress, 
Figure 1(c) abnormal/delayed progress, and Figure 
1(d) a gradual fall off in progress. 


Sources and methods 


Subjects. The total number of children screened on 
the adapted Woodside system was 444, of whom 224 
were boys and 220 were girls. Their ages ranged 
from 6 weeks to 4 years. 

To obtain a normal distribution of children, the 
clinics from which they were drawn were situated in 
a range of high, medium, and low socioeconomic 
areas of the suburbs of Adelaide. Socioeconomic 
state of individual children was designated according 
to the employment, educational level, and housing 
condition of the parents of the  children.! 
Altogether, 139 children (72 boys and 67 girls) were 
categorised as being of high socioeconomic state; 
184 children (87 boys and ,97 girls) as being of 
medium socioeconomic state; and 121 {65 boys and 
56 girls) as being of low socioeconomic state. 

Also studied were 17 confirmed abnormal chil- 
dren from a spastic centre, who were not included in 
the normal distribution group. There were nine boys 
and eight girls, and their age: range was from 1 year 
10 months to 4 years 4 months. | 

There were 52 children: from ethnic groups, 


mainly Italian and Greek, which is a representative 
sample of the Adelaide metropolitan population. Of 
the 52 children (12% of.the total of 444), 11 were of 
high socioeconomic state (8% of 139), 18 of medium 
socioeconomic state (10%: of 184), and 23 of low 
socioeconomic state (19% of 121). 


Methods 


A child health nurse screened 461 children (the 444 
children in the sample and the 17 known abnormals) 
using the adapted version of the Woodside system. * 
Training of the nurse in implementing the assess- 
ment was considered to be complete when there was 
a 95% agreement with BSLE in the scoring of 10 
consecutive children. Details of the application of 
the Woodside system is described above. . 

In each of the four areas of development a child 

was given a score from 0-7 (as described above) on 
the adapted Woodside system. Scores of 2 or less in 
any one area or 3 in two or more areas were 
classified as ‘suspected abnormal’; a score of 3 in 
one area was classified as ‘suspected doubtful’; and 
a score of 4 or more in all areas was classified as 
‘suspected normal’. 
- The reliability of the adapted Woodside system 
was assessed, firstly, with two different testers 
assessing an individual child on separate occasions 
yet within a time interval of two weeks (50 children 
with an age range of 6 weeks to 4 years were 
assessed likewise), and, secondly, with the same 
tester assessing an individual child on two occasions 
one week apart (30 children). 

A diagnostic assessment, using the Griffiths’ 
scales criterion test, 3 was performed on all 
children deemed ‘suspected doubtful’ or ‘suspected 
abnormal’ by the Woodside screening assessment, 
and on at least 10% of the total number deemed 
‘suspected normal’. The diagnostic assessments 
were performed by two psychologists, a paediatri- 
cian, and BSLE, and all assessments were made 
within two weeks of the nurse’s screening assess- 
ment with the Woodside system. 

Vision and hearing were screened by a child 
health nurse using the Stycar method. The referral 
criteria -for- this screening has been . previously 
described.” Height, weight, and head circumfer- 
ence were measured on all children, and a physical 
medical examination was performed on 426 children 
(96%). 


Results 
Table 1 shows the normative data for the four areas 


*Full details of the adapted Woodside system can be obtained from 
BSLE. = ; i 
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Table | 
according do socioeconomic groups 





Socioeconomic Social Hearing Vision Grass 

group and and fine nor 
language motor 

High tn= 139% 46 (0-6) $6 UR] 47 (0-7) 4-7 (0-9) 

Medium (n= 284) 4-7 (0-8) 48 (0-9) 4-7 (0-9) 51 (1-0) 

Low fas i2{} $7 (4-03 4-4 (1-1) $4 (9-1) 48 (4-H) 





of the adapted Woodside (Social, ‘Hearing and 
language’, “Vision and fine motor’, and ‘Gross 
moter’ development) obtained in Adelaide children 
of cifferent socioeconomic groups. 

The reliability of the adapted Woodside system 
calculated as the percentage agreement in the scores 
obtained on individual children by the same tester 
performing the test on two occasions one week 
apart, was 95-5%. The percentage agreement of two 
different testers making their assessments within 
two weeks of each other was 95-0%. 

Tables 2 and 3 and Figure 3 show the validation 
studtes of the adapted Woodside system, expressed 
in terms of correlation coefficients, sensitivity (co- 
posiavity) and = specificity (co-negativity), over- 
referrals, under-referrals, and regression lines. A 
total of 124 children, comprising the 27 children 
assessed as ‘suspected abnormal’ on the Woodside 
system, the 20 assessed as ‘suspected doubtful’, and 


Table? Correlation between Woodside (screening) system 
and corresponding Griffiths’ feriterion) test in the four 
areas of development in 124 children 


Area ci development Correlation or 


Social {45° 
Hearing and speech too" 
Vision and fine motor 0-68" 
Gross motor 0767 
Total 7 3"* 





"paces patis, 


Table 3 A 2x2 contingency table showing the number of 
abnormal scores on the Woodside system against 
the relevan: corresponding Griffiths’ score 


Woodside Griffiths Total 
Abnormal Normal 

Abnormal ae 3 25 

Narma! S te Le: 

Total a 77 Hig 

“Exeheting 20 doubtful cases. 

Co-posiiivity isensitivity) 22/2760-81. Co-negativity: {specificity}: TX 

PF G8, 

Over-referrals= Mpe, or Vjosa K (excluding the doubtful cases). 

Under-eferrabe= S 2464% or VHH =R? fexcluding the doubtful cases). 










150 
140 ; 
1 Social 3 
130 2 Vision and fine motor 
3 Speech and hearing i 
120 4 Gross motor 
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Fig.3 Regression lines for Woodside scores of social, 
vision and fine motor, speech and hearing, and gross motor 
developmental progress plotted against corresponding 
Griffiths’ scores. 


77 assessed as ‘suspected normal’, were retested 
using the Griffiths’ criterion test. 

Figure 3 also shows the regression lines for the 
four areas of the Woodside system plotted against 
the Griffiths’ scores. The four lines represent 
‘Social’, “Hearing and language’, ‘Vision and fine 
motor, and ‘Gross motor’ development. When 
considering any one of the four areas of develop- 
ment, a Woodside score of 2 had a corresponding 
Griffiths’ scores (criterion test) of 74 or less in three 
of the four areas, except for the area of “Social? 
development, where the relevant Griffiths’ score 
was 82. It is reasonable, therefore, to suggest that a 
Woodside score of 2 would be an acceptable cut off 
point, as the corresponding Griffiths’ score of 74 is 
just over 2 SD from the mean. Thus a Woodside 
score of 2 is categorised as ‘abnormal’. (The 
Griffiths’ test has a mean score of 100 and a SD of 
12). 

For a Woodside score of 3 the corresponding 
Griffiths’ score was 85 or less in three of the four 
areas, except for the area of ‘Social’ development 
again, where the Griffiths’ score was 88-5. A 
Woodside score of 3 corresponds with a Griffiths’ 
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Table 4 Classification of children identified from the 
Woodside screen according to socioeconomic group 
(n=444) 





Socioeconomic Normat Doubtful and % age 
group abnormal 

High 128 H 8-6 
Medium 169 15 8-9 
Low 100 21 210 
Total 397 47 


score roughly 1 SD from the mean and is classified 
as ‘doubtful. A Woodside score of 4 relates to a 
Griffiths’ score between 93 and 96, and a Woodside 
score of 5 relates to a Griffiths’ score above 102. Of 
the 20 children assessed as ‘doubtful on the Wood- 
side system, 15 were classified by the criterion test as 
‘abnormal’ and five as ‘normal’. 

Of the 17 handicapped children included for 
comparative purposes, 13 had a Woodside total 
score (the combined scores of the four areas of the 
Woodside) of 0, with corresponding Griffiths’ mean 
general quotient score of less than 50. The other 
four children had total scores of 11, 7, 3, and 2, with 
the corresponding Griffiths general quotient scores 
being 71, 78, 63, and 50, respectively. The mean 
score for the 17 children on the Griffiths’ general 
quotient was 42 (SD=20). 

In Table 4 the numbers of children classified as 
‘normal’, ‘doubtful’, and ‘abnormal’ by the Wood- 


side screen are listed according to their socioecon- - 


omic state. In the low socioeconomic group 21 
children were classified as ‘abnormal’ or ‘doubtful’ 
on the Woodside system. Statistically, this is nearly 
twice the number that would be expected by chance 
(p<0-025, x7=8-04). 

The physical examination and the assessments of 
‘Hearing and vision’ resulted in the referral of 14 
physical defects (3% of 426), 48 suspected hearing 
disabilities (11% of 444), and 40 suspected visual 
disabilities (9% of 444). 


Discussion and conclusions 


The Woodside system adapted for Australian condi- 
tions and used by a child health nurse was found to 
be a valid instrument with a Pearson’s correlation 
coefficient of r=0-70 (p<0-05) when compared with 
the widely accepted Griffiths’ diagnostic test. 
The highest correlations were in the areas of 
‘Gross motor’ development (r=0-8, p<0-001), and 
the lowest in the area of, ‘Social’ development 
(r=0-5, p<0-001). The latter findings could possibly 
be a consequence of the different environments of 
Glasgow and Adelaide. In Glasgow there is more 


$ 


limited indoor and outdoor living and recreation 
space as well as a poor climate, and it is suggested 
that there may be a greater pressure on the child. to 
acquire acceptable social habits—for example, ‘dry 
by day —early. 

Although 75% of ‘suspected doubtfuls’ were 
finally deemed to be ‘abnormal’, a close follow up of 
these children might be more appropriate than 
immediate referral. In this way developmental 
problems would not be missed, and parental 
anxieties associated with unnecessary over-referrals 
would be avoided. The cut off points between 
normal and doubtful and doubtful and abnormal 
may need reappraisal in the light of the recent 
observations by Hanson ef al that the mean general 
quotient of the Griffiths’ scales has increased.» 
Nationwide representative figures from Hanson et al 
are awaited. 

The percentage of referrals for hearing (11%), 
vision (9%), and physical (3%) disabilities or 
defects are consistent with referral trends in two 
other Adelaide’studies.'* 1° These two studies were 
carried out on 4 year old children, and it is 
interesting to note that the referral rates for the 
various defects are similar to those in the present 
study of children aged 0-4. 

The only other developmental screening test that 
has been validated and encompasses the 0-4 age 
range is the Denver developmental screening test. 
The impression is, however, that the Woodside 
system is less time consuming to apply (with eight 
test items compared with between 12-26 test items 
for the Denver screen), gives a better visual record 
of the progress of a child, and has a chart that is 
more suitable for use with the same child on more 
than one occasion. 

Sheridan has defined a handicapped child as one 
‘who suffers from any continuing disability of body, 
intellect or personality which is likely to interfere 
with his normal growth and development or capacity 
to learn’.' It is suggested that the Woodside system 
in the hands of trained child health nurses is a 
valuable instrument in helping to identify the 
present state of a child who may have a develop- 
mental handicap. 


This study was supported by the Channel 10 Children’s Medical 
Research Foundation Inc. Thanks are due to the parents for their 
enthusiastic cooperation, to Dr D Bowler for his consistent 
encouragement, and to Mr D Ness for his statistical analysis and 
advice. 
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When does secretory otitis media affect language 


development? 


D M B HALL AND P HILL 


Departments of Child Health and Psychiatry, St George’s Hospital Medical School, London 


SUMMARY Secretory otitis media is a very common disorder in early childhood, but its effects on 
language development are still uncertain. We describe 10 children with secretory otitis media and 
illustrate the wide range of disability attributable to this. It is suggested that the impact of 
secretory otitis media on language development depends on at least five factors: age of onset, 
duration of the episode(s), severity of the hearing loss, intrinsic qualities in the child, and the 
linguistic environment. The implications of this hypothesis for clinical practice and research are 


discussed. 


Secretory otitis media is characterised by an effusion 
of variable viscosity behind an intact eardrum.' It is 
extremely common, and probably at least one third 
of preschool children suffer one or more episodes.” 
Some children have a single transient attack; others 
have repeated episodes, each followed by complete 
recovery; and a minority have the disorder for 
months or even years without any .remission.? By far 
the most important clinical feature is hearing loss, 
which may vary from negligible to 50 to 60 dB, with 
a mean of 28 dB.’ Pain in the ear may also occur, 
often in association with episodes of acute infection 
or with Eustachian tube dysfunction. 

There has been much concern over the possible 
effects of middle ear disease on learning in general 
and language development in particular. This rela- 
tion has been examined in over 30 published 
reports, and in most, significant correlations have 
been shown.**® The majority of these studies, 
however, contain serious flaws in design. Most are 
retrospective, and therefore the precise diagnosis is 
often uncertain in the children with a history of ear 
disease; conversely the absence of previous ear 
disease in the control group cannot be shown. For 
the same reason, the number and duration of 
attacks, the severity of the hearing loss, and the 
distinction between unilateral and bilateral disease 
are seldom documented. Lastly, matching of cases 
and controls for psychosocial variables is seldom 
adequate, yet accurate matching is essential since 
the prevalence and perhaps the management of 
secretory otitis media are related to race, size of 
_ household, and social status, and these variables 
“also influence development. It must therefore be 
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said that the case for a cause and effect relation 
between secretory otitis media and learning prob- 
lems remains unproved.’ 

Despite shortcomings of published research, most 
clinicians with an interest in this field are convinced 
that secretory otitis media is indeed an important 
cause of developmental problems in young children. 


‘The purpose of this paper is to present some 


illustrative case histories; to derive from these a 
working hypothesis on the nature of the relation 
between secretory otitis media and developmental 
problems; and to discuss the type of research design 
needed to investigate this hypothesis. 


Methods and case reports 


The children described here were seen in two 
children’s audiology clinics over a three year period. 
They represent a small proportion of the total case 
load and were selected because they exemplify 
particular clinical problems. All except cases 4 and 7 
lived in the catchment area of our hospital. The age 
when the child was first assessed by us is stated in 
each case. In all patients the diagnosis of secretory 
otitis media was based on the history, hearing tests, 
otoscopy, and impedance measurements, and in all 
except cases 9 and 10 it was subsequently confirmed 
at surgery. The details are summarised in the Table. 

Hearing was tested by the most appropriate 
combination of the standard methods; distraction 
techniques, McCormick toy test (sometimes equiva- 
lent pictures were substituted), ‘go’ game, freefield 
audiometry, and pure tone audiometry. Only pure 
tone audiometry gives a direct measure of hearing 
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Tabi Details of the 10 children with secretory otitis media (SOM) 


tt nn en UUU 


Case mas Age Probable Minimum Estimated intrinsic Environmental Dnmediate Language 

(Sex) WHEN aye at duration hearing loxs language deprivation postoperative catch up at 
assessed onset of of {+a dB) or (i- +++} PAP OV EEN follow tp 
fre thes) SOM episode +a obs AR learning (D 84 > & months 

COUAS I (mths) +t A h problems (e oot} 
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ENG i 5 7 bob i} ü ++ ~p o h 

2 {Mi Ey y 4 + ü ü + et 

3 Fy pË 36 3 t+ ü ü hob 4 
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A {F9 BS 3 ? ++ e Pe ES +o 

7 (M) a 12 ra) Hof F+ i PE + 

& {F} 7I 60 Ie tt (i 0 + ü 

9 (M3 22 2] H bop 0 ü i i 

10 (FF Ae 30 4 ++ p ü a 0 
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loss, and with all the other techniques it is necessary 
to estimate the likely hearing loss. Sound levels 
were monitored with a sound level meter, and are 
stated in decibels sound pressure level (dB SPL). 
Language scores were all based on the Reynell 
developmental language scale which has two 
Subsections, one for expressive language and one for 
comprehension, 





Case 1. This 12 month old white boy was thought by 
his parents to have had a variable hearing loss from 
approximately 5 months of age. The onset was 
assOciatec with a respiratory infection. He was said 
to hear lcud sounds such as shouting, noisy music, 
or @ football rattle but did not respond to quiet 
soursdls. The parents described him as an unusually 
quiet baby. 

Distraction testing produced responses to high 
and low frequency sounds at around 70 dB SPL but 
the mespomses were hesitant and were only confident 
and accurately localised at 75 to 80 dB SPL upwards. 
The diagnosis of severe secretory otitis media was 
confirmec at surgery shortly afterwards. 

A substantial improvement in hearing was noted 
by te parents beginning about one week after 
surgery and he began to vocalise more freely. When 
tested two weeks later, distraction tests produced 
responses to 35 to 40 dB SPL to high frequency 
sourds and at 45 dB to low frequency sounds, 
indicating a considerable improvement in hearing. 
At 18 months of age he had several words with age 
apprepriate understanding and normal hearing re- 
sporses et low and high frequencies, but at 20 
months there was evidence of further secretory otitis 
media and hearing impairment. 


Comment 
A hearing loss of this severity is unusual in secretory 
otitis media. The postoperative improvement in 


both responsiveness and vocalisation suggests that 
the hearing loss had inhibited the development of 
normal listening behaviour and would have affected 
language acquisition had it not been treated. 


Case 2. This white boy aged 18 months had repeated 
episodes of acute otitis media starting at age 9 
months. At 13 months grommets were placed 
because of persistent effusion. He was seen for 
assessment at 18 months because he had no speech, 
little ‘jargon’, and no evidence of verbal understand- 
ing apart from the word ‘no’. His parents were 
confident that he could hear and recognise ordinary 
household sounds. His non-verbal abilities were at 
least normal, and possibly superior. 

Distraction tests produced high frequency re- 
sponses at 40 to 45 dB SPL and low frequency 
resporses at 45 to 50 dB SPL. suggesting a mild 
persisting hearing difficulty. The grommets were in 
situ and patent. The parents were advised to speak 
with deliberate slowness and clarity. At 26 months 
comprehension was within normal limits, expressive 
language was only slightly delayed, and distraction 
tests produced brisk responses at 30 to 35 dB SPL. 


Comment 

A hearing loss of several months duration at the age 
when first words are usually spoken might be 
expected to have a serious affect on language 
acquisition. It is impossible to be certain that his 
subsequent progress was attributable to appropriate 
management, but evidently any deleterious effects 
of secretory otitis media in this child were entirely 
reversible. 


Case 3. A white girl aged 5! years had been 
assessed elsewhere for speech delay and a suspected 
hearing loss at age 3 years. The parents were told 
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description of the hearing test suggested that in- 
appropriate techniques had been used. At age 5% 
years she had Reynell scores of 3 years on both 
expression and comprehension scales. Non-verbal 
abilities were normal. Pure tone audiometry showed 
a bilateral conductive hearing loss of 45 to 55 dB and 
this was confirmed by speech discrimination testing. 
Her parents confirmed that they had been worried 
about her hearing for several years. She made rapid 
postoperative progress, and at age 642 years was 
reported to have ‘almost normal’ language. develop- 
ment. 


Comment 

The history suggests that this girl had had a 
moderate hearing loss for at. least two years. The 
severity and the duration together probably 
accounted for her severe language delay, and this 
hypothesis was supported by her rapid progress after 
surgery. 


Case 4. A white boy aged 3 years 2 months presented 
because of ‘severe language delay and behaviour 
problems including aggression, tantrums, and short 
concentration span. His parents were both in busy 
full time professional careers and he had been cared 
for by a succession of at least six au pairs speaking 
four different languages. He showed no evidence of 
language or non-verbal skills above the 2 year level. 
Cooperative hearing tests were impossible, but re- 
peated distraction testing and impedance measure- 
ment suggested a variable conductive hearing loss. 
Secretory otitis media was found at subsequent 
operation. His mother suspended her career to 
spend time with him and reported a dramatic 
improvement after surgery. His progress was excel- 
lent, and at age 5 years he was able to enter the 
reception class of a normal preparatory school. 


Comment 

It is impossible to determine the relative contribu- 
‘tions of secretory otitis media and environmental 
deprivation to this patient's problems, but an 
interaction between these two factors is the most 
plausible explanation. 


Case 5. This white girl aged 4 years 2 months was 
sn elsewhere at age 3 years because of parental 
concern over hearing and ldnguage development. 
Hearing was said at a local] clinic, to be ‘within 
normal limits’, but the parents were not satisfied 
with the child’s responses during testing and had 
disagreed with the clinic’s, conclusions. At age 4 
years 2 months, a Reynell developmental language 
test indicated a comprehension level of around 2 
years 6 months and an expressive language ability of 


about age 2 years. The non-verbal intelligence quo- 
tient (Snijders-Oomen) was 120. Pure tone audio- 
metry showed a bilateral conductive hearing loss of 
25 dB. She had evidence of long standing secretory 
otitis media in the right ear, but there were only 
minor changes in the left. After surgery she pro- 
gressed well with intensive speech therapy in a 
language unit, but at age 5 years 11 months, her 
Reynell language development scale scores were 
lower than those normal for her age (comprehension 
4-02, expression 4-08, English picture vocabulary 
scale 2-11). 


Comment 

This patient’s language problem seemed out of 
proportion to the hearing loss, which was only 
modest at the time of testing. The unexpectedly slow 
progress after hearing was restored (compared for 
example with that of case 3) could be attributed 
either to the residual effects of a longstanding 
hearing loss on auditory function (see below) or to 
an interaction between a hearing loss and a pre- 
existing ‘developmental language disorder’. 


Case 6. A black girl aged 3 years 3 months was 
assessed because she had no speech and no demon- 
strable understanding of language. Enough non- 
verbal ability was observed to exclude severe 
retardation. Cooperative hearing tests showed a 30 
to 40 dB hearing loss, and severe secretory otitis 
media was found at operation. Her family had 
suffered a series of tragedies and upheavals and her 
mother was profoundly depressed and socially with- 
drawn. After surgery her demeanour, play, and 
hearing in the assessment nursery steadily improved 
but at least six months elapsed before progress in 
language was observed. Although her hearing had 
returned to near normal, a unit for those with partial 
hearing seemed the most appropriate placement. At 
age 5 years, her language was still 12 to 18 months 
behind, but by age 7 years she was ready to return to 
normal schooling. 


Comment 

It is likely that this girl’s handicap was the product of 
a similar. interaction to that in case 4. As in case 5, 
there are several possible explanations for the 
relatively slow progress after surgery. The hearing 
loss may have led to impairment of auditory 
perception, or it may have been of no importance at 
all—the main causative factor may have been her 
deprivation at home. 


Case 7. This white boy aged 2 years 11 months was 
assessed because he had only three single words and 
very little understanding of speech. Since the age of 
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12 months he had suffered frequent ear infections 
and was a quiet, lethargic child. The Griffiths 
assessmert showed global retardation with scores 
appropriate for age 2 years in social, non-verbal, 
and moter areas. Distraction tests produced re- 


app: eciable hearing loss. At surgery, thick fluid was 
foued im both ears. After this he became much more 
lively and began to vocalise and to show evidence of 


understanding, though six months later he was still 
showing considerable delay in overall development. 


Conmment 
Serial assessments of this boy's abilities showed 
evidence of retardation in all areas of development. 


It seems likely that his intrinsic retardation and 
placd temperament subtly reduced the number of 
language interactions to which he was exposed. This 
unirtenticnal ‘secondary deprivation in combina- 
tion with secretory otitis media produced severe 
language delay. 


Case 8. This 6 vear old white girl had mild spastic 
diplegia with normal language and intelligence 
quovent. She had always had a pleasant, ex- 
troverted personality. Her mother noted a hearing 
loss at age 5 years, together with increasing moodi- 
ness and a 40 to 50 dB conductive hearing loss was 
confrmec. This persisted for about eight months 
befcre surgery was undertaken, and operation 
showed obvious secretory otitis media. After 
surgery 4a improvement in hearing and mood was 
noted, but there was no change in her highly 
competent language abilities. 


Cor@mnent 

Although she had suffered a moderate hearing loss 
for at least eight months, this had had little effect on 
her development, presumably because at this age 
her good intellect and personality enabled her to 
ove-come the disability. 


Case 9. A 22 month old white boy was noted to have 
a hearing ‘oss at a routine medical examination. This 
was eonfirmed by distraction tests, which produced 
no sesponses to stimuli less than 50 dB SPL. His 
father reported a recent respiratory infection. He 
had ao other past or present worries about him, and 
the child was saving a few words. Two months later, 
hearing responses were normal and the child could 
perform ¢ toy identification test without difficulty, 
had normal language development. and otoscopy 
and impedance were normal, 


Conmnent 
The history suggested that in this case the secretory 


otitis media was associated with the respiratory 
infection, and the episode was of such brief duration 
that there was no noticeable effect on language 
development. 


Case 10. This white girl aged 2 years 10 months was 
thought by her parents to have had impaired hearing 
since an ear infection three to four months pre- 
viously. Language development seemed advanced 
for her age. Pure tone audiogram showed a bilateral 
40-45 dB conductive hearing loss and there were 
obvious signs of secretory otitis media. Four months 
later the hearing loss had improved to about 30 dB 
but the otoscopic and impedance findings were 
essentially unchanged. The parents declined an offer 
of surgical referral, saying that they spoke clearly 
because they were aware of the problem and they 
could see no evidence of any effect on her develop- 
mental progress or behaviour. 


Comment 

In spite of an appreciable hearing loss for at least 
eight months, this girl’s language development 
seemed unaffected. This may partly be explained by 
the fact that her language was already well estab- 
lished when she developed secretory otitis media, 
and perhaps the parents’ efforts to speak clearly 
were also relevant. 


Discussion 


During the period in which these patients were seen, 
a much larger number of children who attended for 
audiological examination was found to have secre- 
tory otitis media without any abnormality of 
language development, and conversely there were 
many with language problems without evidence of 
this disorder. Since secretory otitis media is so 
common, it is difficult in the individual child to 
determine how much the disorder is affecting 
development. Parents often report an improvement 
in the child’s hearing immediately after surgery, but 
it is much more difficult to document subsequent 
acceleration in language development. 

Furthermore, the diagnosis of secretory otitis 
media with language delay is often followed by 
several simultaneous interventions in addition to 
surgery—for example, advice to parents, nursery 
placement, and beginning speech therapy. In spite 
of all these difficulties, the patients described above 
lead us to suspect that secretory otitis media can 
indeed have a devastating effect on some children, 
yet be of trivial importance to others. We postulate 
that at least five variables must be considered to 
explain these differences. These are: 

(1) The age at which the disorder occurs: 
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(2) The duration of the episodes; 
(3) The severity of the hearing loss; 
(4) Intrinsic qualities in the child; 
(5) The child’s environment. 


Age of onset. There are both clinical and ex- 
perimental reasons for the belief that the age of 
onset is important. Firstly, for obvious reasons, a 
congenital sensorineural hearing loss has much more 
devastating effects on language development than a 
hearing loss of similar magnitude acquired after the 
child has learned to talk. It is reasonable to assume 
that the same would apply to the conductive loss 
caused by secretory otitis media. Secondly, there is 
now overwhelming evidence that the infant learns a 
great deal about discrimination and production of 
speech sounds in the first year of life and this 
learning is an essential prerequisite for spoken 
language. The diminished quantity and range of 
babble and jargon noted in cases 1 and 2 suggests 
that secretory otitis media could have a considerable 
effect on this vital period of development. Thirdly, 
we suspect, but cannot at this stage confirm, that in 
longstanding secretory otitis media the ability to 
discriminate complex sounds such as speech may 
recover more slowly after surgery than does the 
ability to perceive pure tones as used in audiometry. 
This hypothesis is one of several possible explana- 
tions for the slow progress observed in cases 5 and 6 
after surgery. There may be a neurophysiological 
explanation for these observations: it is known that 
normal visual stimulation is needed for the develop- 
ment of the visual pathways, and there is some 
evidence that the same is true for auditory 
development.’ 1° If this is so, then secretory otitis 
media in infancy may well cause the auditory 
equivalent of ‘amblyopia’. We can only speculate 
about the age range within which this might happen 
but it is an issue of particular importance because of 
the seemingly raised prevalence of secretory otitis 
media in preterm infants. 


Duration. The duration of episodes of secretory 
otitis media is very variable and is often impossible 
to assess. It seems obvious that the most serious 
effects will be seen in those children who have 
prolonged or continuous attacks without remission. 
Thése children can sometimes be recognised by 
reference to previous audiological tests (provided 
these were competently performed) or by parental 
observation. There was evidence in our cases 1 and 2 
that the disorder had been present for at least six 
months and for 12 to 24 months in cases 3 and 5. 
Conversely, in cases 9 and 10; spontaneous improve- 
ment after two to three months was observed. 


Severity of hearing loss. The severity of the hearing 
loss is also unpredictable and varies from day to day. 
The reasons for this variability are not entirely clear, 
but probably the volume of the effusion and the 
degree of negative pressure in the middle ear are 
more important than the viscosity of the effusion." 
It seems entirely logical to suggest that the extent of 
the hearing loss is an important factor in determin- 
ing its effects on development, but this is difficult to 
confirm, firstly because hearing testing techniques in 
infancy do not define precise thresholds and sec- 
ondly because a single test tells us nothing about 
the day to day variations. Furthermore, some young 
children with secretory otitis media (for example 
case 1) seem to have a rather more severe hearing 
loss than one would normally expect to find in 
patients with conductive deafness, possibly due to 
the ‘amblyopia-like’ effect postulated above. In 
most of our reported patients, the hearing loss 
seemed to be at least 30 dB in magnitude, although 
in case 3, it was only 25 dB. All these children had 
bilateral secretory otitis media which of course is 
likely to have far more serious effects than unilateral 
disease. 


Factors in the child. Intrinsic differences between 
children in intelligence and temperament are also 
likely to interact with a hearing loss. One would 
expect the intelligent, extroverted child to seek 
communication more actively and to make more 
effort to comprehend sound than one who is placid 
or dull. The most serious effects probably occur 
when secretory otitis media coexists with global 
retardation, as exemplified by case 7, though our 
experience with case 4 suggests that the effects on 
behaviour and concentration may cause a spurious 
reduction of non-verbal as well as verbal skills 
during formal assessment. 


Effect of environment. Lastly, it would be surprising 
if environmental factors did not also contribute. 
There are wide variations in children’s exposure to 
constructive linguistic experiences” and in cases 4 
and 6, there was good reason to suspect that this was 
seriously deficient. Conversely in cases 8 and 10 the 
child was probably exposed to a very stimulating 
environment. The amount of conversation between 
parent and child in close physical proximity, the 
effects of prolonged background noise, and perhaps 
the natural intensity and clarity of the parents’ 
speech may also be important. Substantial differ- 
ences in linguistic environment are found between 
families, independent of social class," and it is clear 
that social class cannot be a satisfactory measure of 
the language stimulation to which a child is exposed 
at home. 
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Conclusion. We recognise that our observations may 
have other explanations and that we are applying a 
certain circularity of argument. Nevertheless, the 
idea that secretory otitis media can be related to 
developmental problems is by no means new: many 
of the ideas outlined here have been mentioned 
individually in other publications, but do not seem 
to have been brought together as a single working 
hypothesis in any research study. 

Most studies have shown a statistically significant 
correlation between middle ear disease and learning 
problems. but the magnitude of the effect is sur- 
prismgly small and might be regarded as unimportant 
in practice. We suggest that in certain children 
secretory otitis media has a very substantial effect on 
development, but that in research studies this effect 
is deuted by the inclusion of many children in whom 
the disorder is of brief duration and trivial import- 
ance. 

Car clhnical experience suggests that research 
designs that simply compare linguistic or develop- 
mertal outcomes in children with and without 
middle esr disease are unlikely to be profitable? ’ 
Stucies on the effects of secretory otitis media on 
language development must be prospective and 
longitudinal, and must incorporate data on the 
chaages in hearing and middle ear status over time, 
the linguistic and social environment, and the 
temperament and non-verbal skills of the child. A 
prosect of this magnitude is expensive but invest- 
mert in cetection and treatment of secretory otitis 
mecia is massive," and further research to confirm 
or sefute our hypothesis is urgently needed. 

If our hypothesis is wholly or even partly correct, 
there are important clinical implications. The clini- 
ciar canmot be content with the diagnosis of a 
heaving less caused by secretory otitis media, since 
the other factors discussed here must also be 
considered. It follows that secretory otitis media is 
not anvarmably an indication for surgery, particularly 
as the long term benefits are still uncertain. 








Although careful assessment of these children is 
essential, it is still far from universal. 


We are grateful for the help and advice of many consultant 
colleagues with whom we shared the management of these 
children. 
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SUMMARY Five growth retarded children with Down’s syndrome, three girls and two boys aged 
between 342 and 6% years with trisomy 21, were treated with human growth hormone for six 
months. Before treatment the growth hormone response to sleep and insulin-arginine load, as 
well as serum concentrations of insulin, thyroid hormones, and cortisol was found to be in the 
normal range. During the treatment with human growth hormone the growth velocity increased 
in all the children with Down’s syndrome from 2-3-2-8 cm to 3-3-5-8 cm per six months. The 
serum concentrations of immunoreactive insulin like growth factor 1 (IGF-1) were low before 
treatment and increased during the treatment with human growth hormone. The serum 
concentrations of immunoreactive insulin like growth factor 2 (IGF-2), which were within the 
normal range, however, increased during treatment with human growth hormone. Children with 
Down’s syndrome respond to treatment with human growth hormone, with an increase in both 


growth velocity and serum somatomedin concentrations. 


Growth retardation and development of presenile 
dementia are characteristic features of Down’s 
syndrome. Even if the basic defect, trisomy for 
chromosome 21, is well defined, little is known 
about the mechanisms causing growth retardation, 
. mental retardation, and the other abnormalities. 
Somatomedins have been proposed as regulating 
growth, including brain growth,’ and being altered 
in mental retardation due to disturbances in brain 
development.” Several studies have examined the 
role of somatomedins in Down’s syndrome.* 
Patients with Down’s syndrome show a deficiency in 
serum insulin like growth factor 1 (IGF-1). This 
growth hormone dependent somatomedin fails to 
rise during childhood and remains at a low concen- 
tration throughout life.? The serum concentration of 
insulin like growth factor 2 (IGF-2) in patients with 
Down’s syndrome is, however, within the normal 
range, and the receptors for somatomedins and 
insulin in fetuses with Down’s syndrome have been 
found to be normal.‘ Determination of serum 
somatomedins by a radioreceptorassay proposed to 
detect a fetal form of somatomedin showed scarcely 
detectable „concentrations in fetuses with Down’s 
syndrome,° but raised concentrations throughout 
postnatal life.? A delayed maturation and incom- 
plete switching from production of a fetal form of 
t 


somatomedin to the IGF-1 regulated by growth 
hormone was suggested in patients with Down’s 
syndrome. 

Growth becomes dependent on growth hormone 
during the first year of life. At this time growth 
hormone begins to regulate the production of 
somatomedin.’? The concentration of growth hor- 
mone has been reported to be in the normal range in 
patients with Down’s syndrome.® Some trials with 
treatment with growth hormone in patients with 
Down’s syndrome have, been performed. However, 
these studies used animal growth hormone and even 
a peroral route for administration, and thus the 
results are inconclusive.” The current belief there- 
fore is that children with Down’s syndrome do not 
respond to human growth hormone. 

The aim of this investigation was to study if 
somatomedin concentrations, especially IGF-1, and 


‘growth velocity in children with Down’s syndrome 


substantially increased on treatment with standard 
dosages of parenterally given human growth hor- 
mone. 


Methods 


Subjects (Table 1). Five children, three girls and two 
boys of ages 342 and 6% years with trisomy 21, but 
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without cunically important congenital malforma- 
tion. were chosen. None were malnourished or had 
any deviation in dietary habit or food preferences. 
They were all cared for by their biological parents. 
None of them had had any severe infectious disease 
or hac been taking any drug during the last year 
befcre or during the treatment with human growth 
hormene. All had profound growth retardation with 
a hewnt > 3 SD below the mean according to the 
Swedish standard,'? but they did not deviate further 
from the —3 SD channel of the growth chart the last 
year befcre treatment. The parents were all of 
normal height, except for the mother of case 4, who 
was 1-50 m. 


Laboratory investigations before treatment with 
human growth hormone. Glucose clearance after 
intravenous glucose load (0-3 g/kg birthweight) was 
withan the normal range in all cases (half life 28-54 
minates). Thyroid hormone assays (thyroid stimu- 
lating hormone, truodothyronine, and thyroxine) 
were all within normal reference limits. Plasma 
cortisel concentration was measured after insulin 
stimulation and was found to be within normal limits 
in ali cases (660-1100 nmol/f (23-9-39-8 ug/100 ml)). 

Concentrations of immunoreactive growth hor- 
more were determined by a radioimmunosorbent 


Tabe | 


technique!! using human pituitary growth hormone 
(Kabi AB, Stockholm) for labelling and rabbit 
antihuman pituitary growth hormone. The results 
were expressed in ug/l using the World Health 
Organisation International Reference Preparation 
of Growth Hormone, 66/217. as a reference.'' The 
secretion of growth hormone was evaluated during 
sleep and after an arginine-insulin load. Four of the 
children showed a peak value of at least 16 ug/l in 
one of the tests; case 4 had a maximal peak value of 
8-8 ug/l (Table 2). 


Somatomedin assays. The concentrations of soma- 
tomedins were determined by two radioimmuno- 
assays. The radioimmunoassay for IGF-I, which 
allows determination in whole serum, has been 
described previously.’ This assay measures pre- 
dominantly IGF-1, and IGF-2 crossreacts only 1%. 
The arbitrary local reference serum used as standard 
contained 180 ng of IGF-{/ml. 

The radioimmunoassay for IGF-2, with sepharose 
coupled antibodies and pure [GF-2 as ligand was 
used. The crossreaction of IGF-1 varied between 8 
and 10%. The immunoreactive [GF-2 values are 
given for acid ethanol extracted serum. The results 
are expressed in ng equivalents of IGF-2 and 
corrected for the crossreaction of IGF-1. The 


Clinical characteristics of five children with Down's syndrome with growth retardation, before and after six 


monks treatment with O5 U'kgiweek of human growth hormone 





Case je Before or — Sex Ane (yrs, Skeletal age Weight 


after months) (Greulich- (ke) 
preatment Pyle } fyrsi 
j Before F §-6 4.5 re ey 
After 74 5-0 15-3 
2 Before M 5-0 3-3 13.5 
Affer 55 0 14-5 
3 Before F 56 3-0 8-0 
After 6-1 355 18-0 
4 Before M 41 35 is-4 
After 4-6 45 15-4 
5 Before F 34 24} 13-4 
After 39 2.8 135-2 


Height Height Growth aver Mental development 
fret} (Swedish six months (Griffiths scale 
standardi (5D) (hr mi {quotients} 

0952 ~5-0) 28 3 

LODI —4-i} | 34 

1-930 —4-0 a5 ap) 

1-972 ~35 4-3 a 

097R ~i) 28 4) 

1-040 -33 4.2 40 

{S73 —44) 23 52 

6-909 — 4-0} 36 SS 

S70 — 3-0 23 ay 

0-928 = en 5-8 Di} 
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Concentrations of plasma growth hormone (ugil) during sleep and the insulin-arginine loading test in five 


patieats wah Down's syndrome, before treatment with growth hormone 





Case sp Sivep test 


Time (mins) 


a 40 60) 90 120 
l 55-0 25-0 12-4 48 3 
2 16 64 33 O7 2-7 
3 322 252 a5 1-5 
4 6-2 8-8 8-6 5-4 
5 9 47 27 6-0 


insulin-arginine loading test 
Time {nuns} 


0 30 60 oH) Rọ ISG 180 

aan 32 16-7 6:4 13-8 16-8 13-0 

4-2 iS 1-9 33 9:7 13-7 idee 

mel rel 1-4 9-5 12-3 11-4 19-9 
1-9 4-4 5-4 34 

ILA a7 11-8 Is-4 7-9 16-5 Ah} 
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arbitrary local reference serum used as standard was 
shown to contain 980 ng of [GF-2/ml after correction 
for its content of IGF-1. 


Growth hormone loading test. A daily dose of 0-08 
U/kg body weight of human growth hormone 
(Crescormon, KabiVitrum) was administered sub- 
cutaneously at 1900 during 10 days in hospital, 
according to Rudman ef a/.!* Serum immunoreactive 
IGF-1 and IGF-2 concentrations were determined 
by radioimmunoassay on 0, 5, and 10 days of the 
human growth hormone loading test. All serum 
samples were immediately frozen at —20°C until 
assayed. 


Growth hormone treatment. After the human 
growth hormone loading test the children with 
Down’s syndrome were treated at home with 0-5 
U/kg week of human growth hormone (Crescor- 
mon, KabiVitrum), divided into three doses given at 
bedtime. Height and weight measurements were 
performed monthly by the same physician, and the 
average of three readings was recorded at each visit. 
Height was measured on a Stadiometer mounted on 
a wall. Blood samples for somatomedin assays were 
drawn once monthly between 0930 and 1100. Before 
and after the six months of treatment with human 
growth hormone, examinations of the mental de- 
velopment according to Griffiths’ mental develop- 
ment scale’? and of the skeletal maturation accord- 
ing to the method of Greulich and Pyle? were 
performed. 

Results were expressed as meant! standard 
deviation (SD). Because of the small number of 
patients no significance test was performed. 


Results 


Growth and development. All the patients increased 
their growth velocity during treatment with human 
growth hormone (Table 1). The increase of the 
growth velocity ranged from roughly 50% to 200%. 
The growth velocity during treatment ranged be- 
tween 3-3 and 5-8 cm each six months (mean (SD) 
4-5 (1-0) cm) compared with 2-3-2-8 cm (2-5 (0-3) 
cm) before treatment and 1-5-4-0 cm (2-6 (1-0) cm) 
after treatment (Fig. 1). The skeletal maturation of 
the children with Down’s syndrome was retarded by 
about one and a half years, according to the method 
of Greulich and Pyle. l6 both before and after 
treatment with human growth hormone (Table 1). 
Quotients according to Griffiths’ mental develop- 
ment scale’> before and after treatment with human 
growth hormone did not show any differences. 


Serum somatomedins. In all the patients the serum 
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Fig.l Growth (cm) during six month periods in five 
children with Down's syndrome (A) before; (B) during; 
and (C) after six months’ treatment with 0-5 U/kg/iweek 
human growth hormone. 


concentration of immunoreactive IGF-1 increased 
during the ten days of loading with human growth 
hormone (Fig. 2). The increase from concentration 
before treatment ranged from 46% to 234%. Con- 
centrations before treatment (62-3 (17-5) ng/ml) 
were low and ranged between —2 and ~1 SD below 
the normal concentration in children of this age (2—4 
years: 121 (38) ng/ml; 4-6 years: 126 (64) ng/ml). 
The mean immunoreactive IGF-I concentration 
increased to normal (125-6 (48-3) ng/ml) after 10 
days of treatment and ranged from —1 to +1-5 SD 
of the control value. During the six months of 
treatment with human growth hormone the concen- 
trations remained above that before treatment in all 
patients (Fig. 3). The increases in serum im- 
munoreactive IGF-1 concentrations six months after 
the start of treatment with human growth hormone 
ranged from 37% to 224% of the concentrations 
before treatment. The maximal concentration dur- 
ing treatment of one patient (case 5) was even 
greater than +3 SD above mean for age. 

In all patients the serum concentrations of im- 
munoreactive IGF-2 increased during the loading 
test (Fig. 2). The increases from values before 
treatment ranged from 30% to 108%. Concentra- 
tions before treatment lay between —2 SD and ~1 
SD below the mean in normal adults (606 (158) 
ng/ml'*) and after 10 days of treatment between —1 
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Fig. 2 Serum somatomedins (ng/ml) determined by 


radieimmunoassays for IGF-1 (upper panel) and IGF-2 
(lower panel) during 10 days of human growth hormone 
loading (0-08 Ulkg/day) in five children with Down's 
synarome. Serum immunoreactive IGF-I and 1GF-2 
concentratrons were determined on 0, 3, and 10 days of the 
human growth hormone loading test. 


and +1-5 SD. The immunoreactive [GF-2 concen- 
trabons remained raised during treatment (Fig. 3), 
and in two patients (cases 4 and 5) the maximum 
concentra tions during treatment were increased to 
moze than +3 5D from normal. The increases in 
serem immunoreactive [GF-2 concentrations at the 
end of the six months’ treatment with human growth 
hormone ranged between 15% and 176% of the 
concentrations before treatment. 

There were great individual variations both in the 
time of occurrence of the peaks and in the magni- 
tude of immunoreactive IGF-I and IGF-2 responses 
to treatment with human growth hormone (Fig. 3). 
Comparison of individual responses (Figs. | and 3) 
showed « 
immunoreactive 
velecity. 
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Fig. 3 Serum somatomedins (ngiml) determined by 
radioimmunoassays of IGF-I (upper panel) and 1G F-2 
(lower panel) during six months’ treatment with O-S 
Uikgiweek human growth hormone in five children with 
Down's syndrome. Serum immunoreactive 1GF-1 and 
IGF-2 concentrations were determined monthly from 
months 0-6 of eaiment. 


Discussion 
Earlier studies s- have shown that. similar to 
pygmies,'” children with Down's syndrome have a a 


selective deficiency of serum IGF-I concentrations.” 
From the present results it is clear that children 
with Down’s syndrome respond to treatment with 
human growth hormone. The growth velocity 
increased considerably during the six months of 
treatment in all the patients. This is remarkable, as 
the growth velocity before treatment was within the 
normal range for healthy children at this age and 
height. Skeletal retardation was observed in the 
present patients. There was no difference between 
the skeletal retardation before and after treatment, 
crudely indicating that no acceleration of the 
maturation accompanied the growth spurt. The 
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concentrations of the IGF-1 like peptide determined 
by radioimmunoassay were low before treatment in 
all the patients and increased after 10 days of 
loading with human growth hormone to normal for 
this age group. Although the IGF-2 values were 
within the normal range, immunoreactive IGF-2 
concentrations also increased promptly on treat- 
ment. The individual increases in these children with 
Down’s syndrome suggested a relation between 
growth velocity and the growth hormone dependent 
somatomedin IGF-1. 

Although the present findings suggest deficiency 
of growth hormone, children with Down’s syndrome 
seem to have reasonable endogenous growth hor- 
mone concentrations, as evaluated from two 
accepted clinical standard test procedures in the 
present patients, as well as from earlier reports.’ 
Hayek and Peake! classified children with short 
stature into three groups. Group 1 comprised the 
children deficient in growth hormone and groups 2 
and 3 both comprised children with normal serum 
growth hormone concentrations and low soma- 
tomedin C (IGF-1) concentrations. The children of 
group 2 responded with increased velocity of growth 
and increased concentrations of somatomedin treat- 
ment with human growth hormone, while the 
children of group 3—that is, the Laron dwarfs—with 
a growth hormone receptor failure”? did not respond 
at all. Patients with Down’s syndrome, thus, could 
be classified in group 2. Before a partial growth 
hormone insufficiency can be eliminated in patients 
with Down’s syndrome, however, further studies 
will be required to determine their pattern of 
secretion of growth hormone over 24 hours to 
evaluate a possible ‘relative’ growth hormone 
deficiency. 

This study shows that children with Down’s 
syndrome increase their growth velocity during six 
months’ treatment with human growth hormone, 
but does by no means prove that short term (or long 
term) treatment with human growth hormone in- 
creases final height in these children. Even if the 
delay in skeletal maturation during the six months 
was unchanged, it has to be considered that skeletal 
maturation as measured by most routine methods is 
very crude, while in the long run increased growth 
and maturation could well be parallel. After treat- 
ment growth velocity essentially returned to values 
before treatment. l 


We thank Leif Wide for help and discussions concerning the growth 

hormone determinations and Lena Löwenhjelm for performing the 

Griffiths’ tests. This study was supported by grants from the 

Savstaholms Society, Riksbanken Jubileumsfond, and the Swedish 

Medical Research Council (Project No's 4224, 5445, and 6825). 
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Gonadal function after testicular radiation for acute 
lymphoblastic leukaemia 


A C LEIPER, D B GRANT, AND J M CHESSELLS 


Departments of Haematology/Oncology and Endocrinology, Hospital for Sick Children, Great Ormond 
Strea, London 


SUMMARY Pubertal maturation, growth, and gonadal function were assessed in 13 boys with 
acute lymphoblastic leukaemia who had received direct testicular irradiation three to nine years 
earlter as treatment for testicular relapse or prophylaxis against this complication. Six boys had 
reached anner stage II-V puberty, five of whom had normal growth velocities and bone ages 
equrvalert to chronological age. One boy exhibited maturational arrest on entering stage IV. The 
rem=ininz seven children (54%) showed evidence of complete pubertal delay or arrested 
development in stage Il, with absence of the pubertal growth spurt and often with delayed bone 
age- Basal gonadotrophins were abnormally high in all 13 boys, and those with delayed puberty 
had prepubertal concentrations of testosterone. 

Testictlar irradiation given before puberty causes permanent Leydig cell damage in a high 
proporticn of subjects, necessitating testosterone supplementation. The extent of damage may be 
relaz2d to the age at which radiation is delivered. 


As tæatm=nt of acute lymphoblastic leukaemia has phoblastic leukaemia developed testicular relapses ` 
led to prolonged survival, testicular relapse has (found on biopsy) and were treated by local radia- 
beccme more common, usually occurring within two tion and chemotherapy. Unilateral orchidectomy 
years of stopping treatment.’ As this complication is was also performed in two early cases before 
potentially curable when treated with further inten- standardisation of treatment. A further two boys 
sive chemotherapy and local testicular irradiation, had prophylactic testicular irradiation as part of the ` 
the -ong term effects of treatment become impor- UKALL VI protocol. All patients were prepubertal 
tant. at the time of radiotherapy. Nine of the 22 boys 
We recently reported that testicular irradiation in were excluded either because they were less than 10 
11 x=repubertal boys with acute lymphoblastic years of age or had died, leaving 13 available for 
leuk=emiz caused severe Leydig cell damage, as assessment. Seven of these were included in our 
shor. by an appreciable decline in the plasma testos- previous study using the human chorionic gonado- 
teroze response to human chorionic gonadotro- trophin test.” 
phim stimulation, six months after radiotherapy.” Table 1 shows clinical and treatment data, includ- 
Brauner e al found similar changes in 12 patients ing details of radiation, in these 13 boys. Eleven had 
who had received local testicular irradiation 10 received 24 Gy of radiation to the testes in 10 
months tc 8% years earlier.” fractions, accompanied by a reinduction and con- 
Tz purpose of this study was to assess pubertal _solidation regimen consisting of vincristine, predni- 
matmration and gonadal function in 13 boys who had solone, asparaginase, cyclophosphamide, cystosine 
rece ved previous testicular irradiation, thus en- arabinoside, and, in some, daunorubicin. Ten had 
ablirz us to ascertain whether Leydig cell damage in completed treatment and one was still receiving 
these patents is permanent or whether there is standard maintenance therapy at the time of the 


capacity Dr recovery. study. This consisted of 6-mercaptopurine, 
methotrexate, vincristine, and prednisolone. One 
Patients and methods boy (patient 12) had received two courses of 


irradiation to a total dose of 36 Gy. One further boy 
Between 1974 and 1982, 20 boys with acute lym- (patient 11) received 15 Gy of prophylactic testicular 
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Table 1 Initial chemotherapy protocol, relapse status, and radiation data on 13 boys with acute lymphoblastic leukaemia 


receiving testicular irradiation 








Patient Initial — Relapses Age at Interval between Dosage Dosage 
no treatment irradiati testicular testicular cranial 
protocol . (years) irradiation and irradiation irradiation 
study (yra) (Gy) (Gy) 

i Iv T 8-9 4-9 24 24 

2 VI CNS+BM 10-6 48 15 24424 CrSp 
3 II T+CNS+BM 9-7 7-6 24 24424 CrSp 
4 V T° 11-0 $1 24 24 

5 UKCCSG T 11-9 33 24 24 

6 Vv T 76 5-6 24 24 

7 V 9-6 4-7 24 24 

8. GOS T+CNS+BM 7-6 55 24 24+24 CrSp 
9 V 8-4 4-6 24 24 

10 H T 6-4 6-2 24 24 

ii ká T &7 8-7 24 24 

12 fl T° §-5+9-3 8-44+4-6 36 24 

13 io T+CNS+BM 9-7 3:2 24 24424 CrSp 





“Patients with single testis. 


CrSp=craniospinal; T=testicular; CNS=central nervous system; BM=bone marrow. 
Protocol I and HI contain cyclophosphamide:t adriamycin Í in addition to 6-mercaptopurine, methotrexate, vincristine, cytosine arabinoside, and prednisolone. 


UKCCSG T cell protocol contains thioguanine, CCNU in addition to above. 


irradiation and was still on treatment. Before 
testicular relapse all patients had been treated using 
standard chemotherapy protocols and cranial 
prophylaxis comprising 24 Gy cranial irradiation and 
intrathecal methotrexate (Table 1). Four boys had 
received a second course of craniospinal irradiation 
and prolonged treatment with intrathecal metho- 
trexate for central nervous system relapse (Table 1). 

All patients were assessed regularly as outpatients 
with respect to growth velocity and pubertal pro- 
gression (Tanner).* As testicular growth is impaired 
after irradiation,’ testicular volume could not be 
used as an index of pubertal development and penile 
growth, scrotal rugosity, and distribution of pubic 
hair were the parameters used. 


Basal values for plasma testosterone luteinising 
hormone, and follicle stimulating hormone were 
measured by radioimmunoassay. Bone age was 
estimated by the method of Greulich and Pyle.” 


Results 


Clinical findings. The findings for pubertal status 
and growth velocity are summarised in Table 2, 
which also gives the results for bone age, plasma 
testosterone, plasma luteinising hormone, and fol- 
licle stimulating hormone. 

Six boys aged 13-3 to 17:3 years at the time of the 
study showed stage OI-V pubertal development. 
One of the six received 15 Gy prophylactic irradia- 


Table 2 Growth data, pubertal status, and biochemical data including plasma testosterone, luteinising hormone (LH), 
and follicle stimulating hormone (FSH) on 13 boys with acute lymphoblastic leukaemia after testicular irradiation 





Tanner Patient Chronological Bone age Height 
stage no age (yrs) ' (yrs) velocity 
(ontyr) 
Stage OI-V 1 13-8 : 14 8 
2 154 í 15 8 
3 17-3 : 16-17 6 
4 16-1 i 16 9 
5 15-2 ' 15-16 2 
6 13-3 ; 13-5 7 
Stage IT 7 14-2 10-11 3 
8 13-0 10 2-5 
Stage I 9 13-0 l 13-5 4 
10 12-6 t 12-5 3 
It 14-2 13 2-5 
12 13-9 i 12-6 3 
13 12-9 i 16-11 1-5 


Puberty FSH (U) LH (UN) Testosterone 
stage (nmol/!) 
genitalia 

Hi > 40 25-5 35 

IV 12-0 73 12-0 

IV > 40 20-9 15-5 

y >40 35-7 68 

IV 36 28-4 14-5 

IV 12-2 9-3 4-8 

n 34-2 24-0 0-9 

O 34-7 2-0 1-3 

I > 40 211 1-9 

I 32-6 21-9 0-5 

I 34-2 20-2 16 

I ># 20-0 13 

I 31-9 21-5 15 
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tion at the age of 10-6 years and the remainder had 
24 Cy at an average age of 9-8 years (range 7-6 to 
11-9 years}. One had had a unilateral orchidectomy. 
Five of the six had shown a normal adolescent 
growth spurt and had normal bone ages. One boy 
had remained in stage IV puberty for 19 months and 
had failed to show adolescent acceleration of 
growth. His bone age was also normal. 

Two beys aged 13 years and 14-2 years showed 
early pubertal changes (stage H) with some penile 
growth, one had scant pubic hair. Neither boy had 
shown pregression in his pubertal development or 
acce-eration of growth over the previous 12 months. 
Bone age was delayed by three to four years in both 
boys. These two patients were irradiated at the ages 
of 76 and 9-6 years respectively. 

Five bovs aged 12-6 years to 14-2 years showed no 
evidence of pubertal development or accelerated 
adołescem growth. Bone age was delayed by 1-2 
years to 1-9 years in three of them. These patients 
recerved testicular irradiation at a mean age of 7-8 
years (range 5-5 to 9-7 years), while one of them had 
a seeond course of irradiation (total dose 36 Gy) and 
unileteral orchidectomy. 

Puberty stage versus age at irradiation was sub- 
jected to linear regression analysis (Figure). 
Endacrine findings. All the patients showed raised 
basa: follicle stimulating hormone values ranging 
from 12-2 U/ to over 40 UA. Basal values in normal 
boys. of this age are usually less than 7-8 U/l. In 
addiion, basal concentrations of luteinising hor- 
mone were greater than 20 U/ in all but two boys, 
both ef whom had shown pubertal progression. 
Normal values for luteinising hormone at this age 
are usually less than 3-3 UA. 

In the ‘ive boys with normal progression, basal 
lestesterone values ranged from 3-5 nmol/l to 15-5 


NW RF UH 


Puberty stage 





Age at irradiation (years) 


‘igure Regression analysis of the puberty stage and age al 
rradiaion. 


‘ube ety stage =O-5 tape at irradiation} -2-] (r=th63: P=0-(1}. 


nmol/l (mean 8-5 nmol/l). The one boy in whom 
puberty seemed to have been arrested in stage IV 
had a plasma testosterone value of 14-5 nmol/l. The 
two boys with slight pubertal development had basal 
plasma testosterone values of 0-9 and 1-3 nmol/l. 
These values are in the normal prepubertal range. 
The five boys with no evidence of pubertal develop- 
ment had basal plasma testosterone values between 
0-5 nmol/l and 1-9 nmol/. 

Five of the seven children previously studied six 
months after irradiation (patients 1 and 6 to 11) and 
found to have poor plasma testosterone responses to 
human chorionic gonadotrophin stimulation con- 
tinued to show abnormally low peak plasma testos- 
terone values (less than 2 nmol/l) when tested two to 
four years later. These five patients (patients 7 to 
11) subsequently exhibited pubertal delay and 
growth failure. The remaining two boys (patients 1 
and 6) showed recovery of testicular function two 
and three years after irradiation with peak plasma 
testosterone values of 4-6 nmol/l and 6-8 nmol 
respectively. They have exhibited normal virilisation 
and adolescent growth. 


Discussion 


Endocrine disturbance seems to be relatively un- 
common in patients who receive uncomplicated 
treatment for acute lymphoblastic leukaemia. 
Growth hormone deficiency assessed by conven- 
tional stimuli after prophylactic cranial irradiation is 


often preserved despite biochemical abnormalities. ’ 
Gonadotrophin deficiency is not usually found,® but 
abnormalities of thyroid stimulating hormone and 
corticotrophin secretion have been reported without 
clinical evidence of endocrine disorder.° Although 
standard chemotherapy consisting of vincristine, 
prednisolone, 6-mercaptopurine, and methotrexate 
reduces the number of germ cells of the testis as 
measured by the tubular fertility index," Leydig cell 
function seems to remain intact,” and most boys 
undergo normal virilisation.'” Cytosine arabinoside 
and cyclophosphamide further reduce the tubular 
fertility index® but do not impair testosterone 
secretion,” 

This picture seems to be changing with the 
treatment of testicular relapse. It is evident from our 
results that the Leydig cell sustains severe and often 
permanent damage after fractionated testicular 
radiotherapy, shown by complete failure of virilisa- 
tion in five boys and by arrest of pubertal growth 
and development in a further three (two in stage H 
and one in stage IV). All but one of these boys had 
received 24 Gy of local irradiation, while the other 


56 Leiper, Grant, and Chessells 


had received a total dose of 36 Gy to his remaining 
testicle after orchidectomy. Of the five patients 
showing normal progression, one had received a 
lower dose of 15 Gy for prophylaxis, while the 
others had received the standard treatment dose of 
24 Gy. They attained stage II puberty at a mean of 
12-7 years. 

Damage to the Leydig cell was suspected in our 
previous study when we found impaired testoster- 
one responses to human chorionic gonadotrophin 
six months after radiotherapy.2 In two of the 
seven boys common to both studies, recovery of 
function was found when repeat human chorionic 
gonadotrophin tests were performed two to four 
years later. This has subsequently been corrobor- 
ated by the finding of normal pubertal progression 
in these two boys, while testosterone responses to 
human chorionic gonadotrophin remained impaired 
in the five others who failed to mature. 

The absolute dose of radiation at which recovery 
of the Leydig cell does not occur is unknown. It 
would seem to be greater than 24 Gy, and may be 
dependent on the age at which irradiation is given. It 
is of interest that boys showing normal adolescent 
development received testicular radiotherapy at a 
mean age of 9-8 years compared with 7-9 years in 
those progressing no further than stage H. Although 
we cannot draw any firm conclusions from this, it 
strongly suggests that there may be a greater risk of 
permanent Leydig cell failure if radiation is given 
during early childhood. Linear regression analysis 
confirms this impression. This point is well illus- 
trated by the boy who received 24 Gy of local 
radiotherapy at 11 years of age, and despite uni- 
lateral orchidectomy exhibited normal pubertal 
maturation. 

Adequate pubertal concentrations of testosterone 
have only been achieved in those successfully 
undergoing virilisation by virtue of a compensatory 
rise in luteinising hormone to abnormal values. All 
of those exhibiting little or no spontaneous develop- 
ment had testosterone concentrations in the pre- 
pubertal range. Both gonadotrophins reached 
abnormally high values in this group of patients 
excluding a diagnosis of ‘simple delay’ or radiation 
induced pituitary failure. Growth hormone de- 
ficiency was also ruled out in the two boys treated 
for meningeal leukaemia with a second course of 
cranial irradiation, ONIRE abnormal growth 
patterns. 

In conclusion, not only does testicular irradiation 
cause germ cell damage and subsequent sterility, but 


there is a considerable risk that it will impair Leydig 
cell function. and that testosterone replacement 
treatment will be required to achieve virilisation at 
the normal time of adolescence. Nonetheless in a 
minority of children, Leydig cell recovery occurs 
sufficiently to allow pubertal progression and this 
may be related to the age at which radiotherapy is 
given. These findings emphasise the need for 
vigilant long term follow up of all patients treated 
with local testicular radiotherapy. If testosterone 
replacement is found to be necessary it is advisable 
to start treatment before these boys suffer further 
psychological trauma through short stature and 
immature development. Thirteen to 14 years of age 
seems to be a suitable time in most cases, although 
individual needs should always be taken into 
account. 
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Response to ACTH in the newborn 
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SUMMARY Adrenocortical function was studied in 52 newborn infants who had been divided 
inte taree groups: preterm well, preterm ill, and term ill. Basal plasma 17-hydroxyprogesterone 
concentrations were significantly increased in both groups of preterm infants. There was no 
sigrif cant difference in basal plasma cortisol concentrations, although they were highest in 
pre e-m ill infants. All infants responded to adrenocorticotrophic hormone (ACTH) stimulation 
(36 mg/kg intramuscularly) with a two to threefold increase in the concentration of both steroids. 
The peak plasma 17-hydroxyprogesterone response was significantly higher in preterm ill infants. 
A subgroup of five infants, who were highly stressed but had undetectable basal plasma cortisol 
concentrations, also showed an appropriate response to ACTH. The results provide useful 
reference data to assess adrenal function in the infant of a mother given glucocorticoids during 
preznancy. There is also a change from the pattern of fetal adrenal steroidogenesis soon after 
birth, which may be affected by exogenous ACTH stimulation. Roughly 10% of stressed 
newborns failed to synthesise cortisol basally; temporary glucocorticoid replacement for such 
infers may be appropriate. 


Plasma concentrations of 17-hydroxyprogesterone Patients and methods 
are markedly raised in untreated infants with 
congenital adrenal hyperplasia due to 21-hydroxylase Fifty two infants born in the maternity department 
defiiency.'* In a recent study, concentrations of of the University Hospital of Wales were studied. 
this steroid were also shown to be appreciably They were classified into three groups: preterm ill, 
higlke~ in stressed, ill newborn infants compared preterm well, and term ill. The clinical assessment of 
wit healthy term infants.* In some ill preterm seriously ill infants was the criterion used to identify 
infaats plasma concentrations of 17-hydroxy- those who were stressed. These infants had a variety 
progesterone were as high as 100 nmol/l (30-1 — of conditions, including respiratory problems requir- 
ng/ml». Concomitant measurement of plasma cortisol ing ventilation, perinatal asphyxia, septicaemia, and 
conzentrations, however, showed no correlation major neonatal surgery. Gestational age was 
witi the plasma 17-hydroxyprogesterone values. In assessed by the method of Ballard et al. ri The 
abcat 10% of ill infants cortisol concentrations were plasma 17-hydroxyprogesterone and cortisol response 
uncetectable (<28 nmol/l (<1 pg/100 ml)). to ACTH stimulation was performed either on the 
Frevious studies of adrenal function in newborn third or fourth day after birth. Capillary blood 
infants report variable plasma cortisol concentra- samples were collected before and one hour after an 
tiors during the first week of life in infants.” In intramuscular injection of Synacthen (Ciba). The 
general, basal plasma concentrations of cortisol dose used was 36 ug/kg body weight in a volume 
exceed 100 nmol/l (3-6 ug/100 ml). Less information ranging from 0-2-0-5 ml. Informed parental consent 
is ¢veilable on cortisol values in preterm infants, was obtained in each case and the study was 
parcicularly those who are stressed." This paper approved by the hospital ethics committee. 
reports a systematic study of adrenocortical function Plasma concentrations of 17-hydroxyprogesterone'* 
in 2cth preterm and term stressed infants. The and cortisol!” were determined by radioimmuno- 
plasra 17-hydroxyprogesterone and cortisol re- assays using a '~"I-radioligand and antisera coupled 
spemse to short term exogenous adrenocortico- to solid phase supports. The volume of plasma 
trothic hormone (ACTH) stimulation is also re- required to perform both assays in duplicate was 140 
pored. The results provide useful reference data to ul. Significant cross reactivity of the cortisol anti- 
assess neonatal adrenal function after administra- serum was observed for 21-deoxycortisol (65% ) and 
tion of glucocorticoid during gestation. prednisolone (6-9% ). For the 17-hydroxyprogester- 
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one antiserum the cross reactivity with progesterone 
and 17-hydroxypregnenolone was 5-9% and 74%, 
respectively. 

Statistical analyses of the 17-hydroxyprogesterone 
and cortisol data were performed using log trans- 
formation and the F test. 

When comparing values before and after adminis- 
tration of Synacthen analysis of covariance was used 
to adjust for the differences in the values before 
administration. 


Results 


Table 1 shows the clinical details of the 52 infants 
studied. As expected, preterm infants who were ill 
had lower birth weights and gestational ages. The 
values for the group were not significantly different. 
Table 2 and Figure 1 summarise basal and peak 
plasma cortisol and 17-hydroxyprogesterone re- 
sponses to ACTH stimulation in each of the three 
groups of infants. 

The mean basal plasma cortisol concentration was 
highest in the group of preterm ill infants, but the 
difference was not significant. Basal plasma 17- 
hydroxyprogesterone concentrations were signifi- 
cantly higher in both groups of preterm infants 
(p<0-05). Term ill infants had 17-hydroxy- 
progesterone concentrations similar to their healthy 
counterparts.’ In a more recent study of 17- -hydroxy- 
progesterone concentrations determined in filter 
paper blood spots obtained from 100 healthy term 


Table 1 Clinical details of infants studied 
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So neater tint hothon ae eT AMS ie ftom en. ae Se wa 


foo) (462) -87~-2-4 a6 
Preterm i] (26) 1368 (342) -82-3-7 3}-4 {2-8} 28-435 
Term M {IH 3080 (533) 2 57-4,.49 38-9 (1-04) 3B-4] 
REE BEE Pec ce a ee oh ot Se a Pa te ee ee es 
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Table 2 Mean (SEM) plasma cortisol and 
17-hydroxyprogesterone response to ACTH stimulation 
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Group Cortisol {(nmoii) 1? hydroxy progesterone 
eh ie Sait Ee Nh a a Sa tea inmotli 
Basal Peak aaea a oda Geek om ahd oe z 
Basal Peak 
Preterm well NHLi 34:3 12-9 23-6 
(44-5) i77-3) (2-68) {3-48} 
Preterm ili 536-9 OOH: | 14.7 32-1 
(93-9) (136-3) (1-75) (3-5) 
Term all 3724 H46-6 ied 14-2 
(186-7) (108-5) (1-5) (2-9) 
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Fig.1 Plasma concentrations of 17-hydroxyprogesterone 


(upper panel) and cortisol (lower panel) before and after 
ACTH stimulation in newborn infants. Values are mean 
(SE M) G 


Conversion: ŞI to traditional units- }T-hydroxyprogesterone: 1 nmol/i=<()31 
nagml. Cortisok 1 nmal/i~0-036 ug/ 100 m. 


infants, the mean (SD) concentration was 7-5 (2-3) 
nmol/l (2- -3 (0-71) ng/ml) (unpublished observations). 
All infants responded to ACTH stimulation with a 
two to threefold increase in both plasma cortisol and 
17-hydroxvprogesterone concentrations. When the 
results were adjusted for the differences in basal 
plasma concentrations, using analysis of covariance, 
there was no difference in the cortisol response 
between the three groups of infants. In contrast. the 
peak plasma 17-hydroxyprogesterone response in 
preterm ill infants was significantly higher than the 
response in term ill infants (p<0-01). 

Basal plasma cortisol concentrations were unde- 
tectable (<28 nmol/l (<1 ug/100 ml)) i in five infants 
(9-6% of the total). Table 3 summarises the clinical 
details of these infants and the individual plasma 
cortisol responses to ACTH stimulation. The 
plasma cortisol concentration increased into the 
normal range in each infant after acute ACTH 
stimulation. 


Table I Flasma cortisol response to ACTH stimulation 
with ar detectable basal cortisol concentrations 





Clintce? conditan Birth weight Crestation Cortisol (nmalil) 
fg) fweeky } ste NI en te z 
Basal Peak 
Hypopiasac teit 
heag sendrame 2750 39 <28 704 
Birth aspayxia 3800) 4] <2 378 
Diaphkaganatie hernia: 
neonsts | surgery 3250 39 <I8 204 
IRDS> ventilared 2360 33 <28 IRS 
IRDS. ieraveatricular 
hacmoshage 820 3} <28 373 





Conversion: $: t traditional unis-—Corisol: 1 nmol/l=<0-036 pg t00 mi. 
IRDS =i@opatme respiratory distress syndrome. 


Discussion 


Simultaneous measurements of plasma cortisol and 
17-hacroxyprogesterone concentrations in new- 
bores before and after acute ACTH stimulation 
have aot been reported previously. The use of 
sensitive and specific radioimmunoassays for both 
cortscl ard 17-hydroxyprogesterone concentrations 
permitted measurement of these steroid concentra- 
tions n poutine capillary heel prick samples col- 
lected from small infants. 

Basal pasma cortisol and 17-hydroxyprogesterone 
coneeatrations were higher in preterm infants 
compzrec with term ill infants. In the case of 
17-bydroxyprogesterone, concentrations in preterm 
il igvfants were significantly higher. This confirms 
resus obtained in a previous study’ and emphasises 
the need to determine normal values for plasma 
steroid concentrations in relation to gestational age. 
In plot newborn screening programmes for 
congenital adrenal hyperplasia, +° there have been 
unacc2ptably high false positive rates from raised 
bloed spet 17-hydroxyprogesterone concentrations 
in Li preterm infants with non-adrenal disorders. 

It is standard practice to give a synthetic 1-24 
amc acid residue of natural ACTH as a short term 
test ò` adrenal insufficiency. The usual dose. 250 ug 
given either intramuscularly or intravenously, is 
prosably far in excess of that required to produce 
maximum steroidogenesis in adults.” let alone 
preterm infants. In a recent study of the 17- 
hydecxyprogesterone and cortisol responses to dif- 
ferent deses of exogenous ACTH compared with 
those obtained using insulin induced hypoglycaemia 
as a ‘dhysiological’ stimulus, it was shown that the 
appecpriate ACTH dose infused over 10 minutes 
was (-2 ug/kg.'* This produced a response indis- 
tingushadle from the plasma cortisol response to 
hypoglycaemia. For our study, a Synacthen dose 
related t0 body weight was chosen based on 
previous experience with ACTH stimulation tests in 
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children.” All three groups of infants responded 
with an appropriate increase in plasma cortisol and 
17-hydroxyprogesterone concentrations. Previous 
studies, using plasma cortisol determinations only, 
have also shown substantial neonatal adrenocortical 
responses to ACTH even after prenatal administra- 
tion of dexamethasone.” '" This is the first reported 
study of the use of plasma 17-hydroxyprogesterone 
measurements as an index of ACTH responsiveness 
in newborn infants. The data for this age group 
complement the nomograms developed by New et 
al’ in older children relating basal and ACTH 
stimulated concentrations of 17-hydroxyprogesterone 
to distinguish different forms of 21-hydroxylase 
deficiency. 

Roughly 10% of infants in this study had basal 
plasma cortisol concentrations that were undetect- 
able. An early gestational age was not a factor, but 
all five infants were very ill. There was an adequate 
rise in cortisol concentrations after acute ACTH 
stimulation. The reason for this transient adrenal 
insufficiency is not clear. There is a pronounced 
change in the pattern of adrenal steroidogenesis 
during early adaptation to extrauterine life.“ The 
concentration of placental steroids such as pro- 
gesterone and oestradiol are cleared rapidly from 
the neonatal circulation. This removes the inhibiting 
effect on adrenal 3fol-hydroxysteroid dehyd- 
rogenase activity, which is essential for the synthesis 
of A*-3-hydroxysteroids such as cortisol and aldos- 
terone. Fetal adrenal cells maintained in tissue 
culture secrete predominantly A°-3$-hydroxy- 
steroids, but are exquisitively sensitive to ACTH 
and change to a pattern of A*3-hydroxysteroid 
secretion.’ *° Perhaps this switch in enzyme activity 
was mediated in vivo after exogenous ACTH 
stimulation in those infants with low basal plasma 
cortisol concentrations. ACTH also serves to induce 
a transcriptional increase in synthesis of new enzyme 
and hence maximal steroidogenesis. Thus, in part, 
the effect of exogenous ACTH may be mediated via 
21-hydroxylation of 17-hydroxyprogesterone where 
there is partial deficiency of 21-hydroxylase activity. 
Figure 2 summarises diagrammatically a possible 
explanation for the response observed in vivo to 
acute ACTH stimulation in early extrauterine life. 
Pituitary ACTH secretion, which normally responds 
to stress at delivery even after prenatal treatment 
with dexamethasone ,** ~ is possibly deficient due to 
decreased production of hypothalamic cortico- 
trophin releasing factor. Now that synthetic cortico- 
trophin releasing factor is available for clinical use,“° 
it may be possible to study hypothalamic-pituitary- 
adrenal function in stressed preterm and term 
infants in more detail. 

Normal adrenal steroidogenesis is clearly essential 
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Fig.2 An hypothesis for the effect of exogenous ACTH 
stimulation on adrenal steroidogenesis in the newborn. 3ßoi 
refers to the enzyme, 3B-hydroxysteroid dehydrogenase. 


for survival after birth. With direct assays for 
cortisol using only 20 wl plasma now available,” it is 
possible to rapidly identify stressed infants whose 
basal cortisol concentrations may be abnormally 
low. Temporary administration of exogenous 
ACTH or glucocorticoid replacement may be 
beneficial in the management of such infants in early 
neonatal life. 


We thank R G Newcombe for statistical analyses, and the technical 
staff of the Steroid SupraRegional Assay Laboratory, Tenovus 
Institute, for steroid measurements. 
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The nutritional cost of measles in Africa 


M E DUGGAN, J ALWAR, AND R D G MILNER 
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Hospatal, Nairobi 


SUMM4RY A 24 hour energy balance study was carried out on 20 black Kenyan children with 
acute measles and repeated after recovery. The energy content of a weighed 24 hour food intake 
and of a simultaneous collection of faeces and urine was determined by bomb calorimetry. 
Energy expenditure was measured by indirect calorimetry using a purpose built flow over 
calotimeter. The nutritional state of the children was assessed by anthropometry at the time of 
eack study and during convalescence. The results showed a fall of roughly 75% in the intake of 
gros and metabolisable energy during measles, while the resting energy expenditure was little 
affected. Thus the severe degree of negative apparent energy balance observed during measles is 
the combined effect of underfeeding in ill children, and failure, during starvation related to 
infe-tion, of the early fall in metabolic rate that characterises simple underfeeding. 





Infection is commonly accompanied by a period of | measles to the Infectious Diseases Hospital, 
negative energy and nitrogen balance. This results Nairobi. The children were readmitted for the 
from a reduction in dietary energy intake,! ? a control study after convalescence, the course of 
sustained or increased level of energy expenditure, which was monitored during regular home visits. 
and an enhanced rate of endogenous protein 

catabolism. The development of syndromes of Subjects and clinical management 

malrutrition after underfeeding in adults with post- 

operative infection has also been documented.” Table 1 summarises the clinical features of measles 
Despite circumstantial evidence of a causative link in the 20 children studied. Diagnosis was based in 
with malnutrition,” infection is often stated to be of 

secondary importance in the genesis of Third World 

malrutrition.’ It was, therefore, of interest to Table |} Prevalence and duration of the major clinical 
detemine experimentally the nutritional cost of a features of measles in the 20 children studied 





commen childhood infection. a eee E ee OIE ree ee ne ae 
Measles was a suitable model for study; the severe Mage of the Clinical feature Prevalence Duration in days 
illness in Africa is associated with anorexia,  “ecion ed Me ce 
stomatitis.” and diarrhoea with loss of protein into Range 
the gut.’ It is also followed by a period of depressed oe a s 
cell mediated immunity, favouring the development  P®™ AN n a 
of epportunistic infection, including protracted Cough 20 4 30 
diarrhoea." Measles has also been implicated as a gcanmem Rach on : i 
cause of malnutrition, |! ka (hospital Conjunctivitis SO á 
Tke contribution to the nutritional cost of measles  #gmission) (a tea a i 
of ckanges in energy intake or expenditure may be Otitis media 35 ' > 
comoared by detailed study of energy balance ia n i i 
duriag the acute infection. It is also possible by iio = 2 
appropriate selection of subjects to investigate the Convalescence Anorexia 6s 19 hen 
relafon between initial nutritional state and the pase cued. 1 4 m 
nutritional cost of measles infection. A 24 hour Diarrhoca 45 : : 
Bronchopneumonia 10 5 4.7 


enemy balance study was carried out on 20 black 
Kensan children during their admission with Na quantified, 
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Table 2 Nutritional state of the 20 children at time of admission with acute measles and net changes in several 


nutritional variables during convalescence 


Care no Age Interstudy Initial Net weight 
(months) interval weight change 
(days) (kg) (kg) 
1* 78 22 19-0 0-50 
2 15 31 10-8 1-15 
3 13 44 8:5 0-09 
4 13 25 8-9 0-16 
3 42 44 9-6 1-98 
6 17 28 9-0 0-80 
7 @ 28 14-1 2-43 
8 18 26 12:5 1-56 
9 52 185 11-9 1-22 
10 24 16 11-5 1-29 
11 15 76 67 1-17 
12 14 76 71 0-67 
13 22 57 10-7 1-73 
14 41 37 14-3 202 
15 46 83 13-0 1-38 
16 19 57 10-3 0-20 
i7 29 64 lig 1-96 
18 14 44 7-7 0-65 
19 14 70 6-0 0-12 
20 16 51 8-9 0-86 
Mean 28-1 54-2 10-57 i 
SE 42 8:2 0-68 


*Oaly female subject. 
tRapid' weight gain; rate in excess of 400% of reference welght gain. 


Actuallexpected Initial Net change in Net change in 
weight change weighiliength weightilength dengthiage 
(%) (SD score) (SD score) (SD score) 
352 —1-4 +0-3 -0-1 
535+ +046 +04 -0-5 

26 —{-l +01 ~O-1 

82 -0-9 +0-1 -0-4 
TB4t —3-6ł4 +2-0 ~Q-2 
447t —158 +0-1 +01 
1578+ —2-1f +2-1 ~O-4 
945+ +0-1 +0-4 ~§-2 

120 —2-5t +0-5 -05 
1307+ -0-7 +92 -0-3 
227 -27t +1-6 ~0-6 

124 —2:7t +1-2 ~0-9 
491t —16 +1-6 ~2-0 
622+ -1.5 +1-9 -0:9 

299 —1-3 +13 ~O1 

57 —1-2 +0-1 —O-] 
S27 —10 +05 ~0-2 

207 —2-3¢ +14 ~0:4 

24 —2-6t ~0-2 ~0-2 
259 —2-5} +1-1 -0-8 

—-14 +0-87$ —0-44] 
0-25 0-167 0-103 


Malnutrition indicated by deficit >2-0 SD from weightilength reference median. 


§Significant p<0-01 improvement in mean SD score for weight/length. 
{Significant p<0-01 deterioration in mean SD score for length/age. 


each case on the presence of an unequivocal rash, 
which was maculopapular in 13 children and black 
and haemorrhagic in seven. Ten children entered 
the study within 24 hours of the occurrence of the 
measles rash, and all were studied within five days of 
its eruption. Routine medical care was maintained 
during the 24 hour observation period, including 
administration of standard antibiotic prophylaxis. 
The standard hospital ‘toddler diet’, which is based 
on traditional Kenyan foods, was supplied during 
beth clinical studies. Interference with the custom- 
ary parental supervision of the children’s food 
intake was limited to the essential cooperation 
involved in collecting the duplicate diet. 

Table 2 illustrates the nutritional state of the 
children at entry to the study. Eight children were 
identified as malnourished on the basis of a deficit of 
more than 2 SD from the weight/length reference 
median." 14 15 


G 


Experimental methods 


Energy expenditure was measured by indirect calor- 
_ imetry, using a purpose built system (Figure) 
capable of measuring both the oxygen and carbon 
dioxide components of the: respiratory gaseous 
exchange. The accuracy of the assembled calor- 
imetry, whose calibration is described elsewhere,” 


was shown in oxygen recovery tests to be mean (SD) 
103 (35%). The metabolic rate was calculated from 
the respiratory gaseous exchange and the urinary 
nitrogen excretion.! 

Between one and five measurements of metabolic 
rates were made during sleep or quiet rest, each of 
at least 20 minutes’ duration, during the 24 hour 
observation period. Measurements made up to and 
including four hours after a meal of at least 25 kJ 
were arbitrarily defined as ‘post prandial’, while 
those made after a longer period were defined as 
measurements of ‘resting metabolism’. The number 
of measurements made on each subject was de- 
pendent both on the child’s compliance and on 
mains electricity. Bias due to unequal numbers of 
observations was eliminated by calculating a mean 
value for each subject of all measurements of 
metabolic rate and for respiratory quotient made 
during either resting or post prandial metabolism 
(Table 3). 

The dietary intake of gross energy was measured 
by collecting a 24 hour duplicate diet, homogenising 
it, drying an aliquot and determining its heat of 
combustion by bomb calorimetry. Faeces and urine 
were collected over the same period using urine 
collecting bags and lined disposable napkins as 
indicated. Faecal material was extracted from the 
napkins,” dried, and then analysed by bomb calor- 
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Table 3 
TAtaKe. 


Energy expenditure {metabolic rate) in 20 children studied during and after acute measles and in relation to food 
Jalues are mean (SE) 





Varighle measured fafection (chidren studied during measles i Control {children studied after measles) 
É ^ 


Resting Posi prandial Post prandial 
Oxygen consumpuon (mi/kg/min) BS (0-34) 8-2 (0-47) 93 (32) 1-3 (b46) 


11-3 (0-36) 
0-98 (0-03) 


12-8 (0-58) 
G93 (002) 


Metabole rate (kivkei 
Respiratory quotient 


10-7 (0-39) 
0-83 (0-02) 


9:7 (061) 
ORU (0-03) 





No of subjects? 1s 8 Is 16 
Total no of observations 30 i9 at 28 
*No af subjects (mean values of all observations) studied at the stated period. Statistical analysis by Students ¢ test, Mean level of resting metabolic 


rate und resting oxygen consumption similar in both studies. p<-08 (Paired data) for post prandial v resting metabolic rates in control, p<0-05 (paired data) for 
post pramiial metabolic rate in control v post prandial metabolic rate ib infection: p<O0-05 (unpaired data} for post prandial v resting oxygen 
cansemptions in control; p<0-01 (unpaired data) for pest prandial oxygen consumption in control v posi prandial oxygen consumption in infection, 
Mean level of resting respiratory quotient significantly higher in control than infection, pathol (paired data}. 


imetry. Food and faeces were analysed in duplicate 
with a third analysis when results failed to agree 
within 3%. The energy content of urine was calcu- 
lated from its urinary nitrogen content, which was 
determined by a modified Kjeldahl method. Bomb 
calerimetry was carried out in the Wellcome Trust 
Research Laboratories, Nairobi, and urinary 
nitrogen analyses in the Department of Surgery 
Laboratories, Northern General Hospital Sheffield, 


by Mr A Prescott. Urine was stored at —20°C and 
transported frozen for analysis. Results of these 
analyses were then used to calculate the 24 hour 
intake of gross, digestible, and metabolisable 
energy. 

Full auxological measurements were made at the 
beginning of each 24 hour clinical study, and 
children were weighed at each home visit. Weight 
and length measurements using a basket type beam 


64 Duggan, Alwar, and Milner 


balance (CMS, London) accurate to 10 g and an 
infant measuring table (Holtain) accurate to 0-1 cm 
were used to calculate the weight:length ratio. This 
was referred to the reference standard recom- 
mended by the World Health Organisation’ using 
the standard deviation score method of presenting 
data to facilitate parametric statistical analysis.'§ 
The weight measurements were also used to calcu- 
late the net rate of weight gain during convalesc- 
ence, which was expressed as a percentage of the 
reference rate adjusted for age. Informed verbal 
consent was obtained from all parents, and the study 
was considered acceptable by the Medical Research 
Ethical Committee of Kenyatta National Hospital. 


Results 


The magnitude and pattern of energy expenditure. In 
children studied with acute measles the mean level 
of the metabolic rate was similar during both post 
prandial and resting metabolism, with no evidence 
of the significant (p<0-05) post prandial enhance- 
ment of metabolic rate that was observed in the 
control study (Table 3). Thus the level of the resting 
metabolic rate was similar in both studies, while the 
mean post prandial metabolic rate was significantly 
higher in the control study (p<0-05), the difference 


representing 24% of the mean value of the post, 


prandial metabolic rate in control patients. Paucity 
of data on the post prandial metabolic rate during 
infection precluded analysis of the relation between 
the magnitude of this rate and initial nutritional 
state. 

The mean level of the respitatory quotient during 
both resting and post prandial metabolism was 
significantly different in infection and control 
studies (p<0-001). The significant increase in the 
` mean respiratory quotient of recovered children was 
true both for well nourished and previously maj- 
nourished children (p<0-01 in each case). The mean 
level of the respiratory quotient in the control study 


was, however, higher in those children who had 
initially been malnourished (p<0-05), although this 
was not attributable to rapid rates of weight gain 
during convalescence. 


The intake of gross, digestible, and metabolic energy. 
The mean level of intake of gross energy was 
significantly reduced during measles (p<0-001), this 
reduction, when expressed in kJ/kg/24 h, represent- 
ing a 75% fall in the energy intake. The mean level 
of gross energy intake was not significantly influ- 
enced in either study by the initial nutritional state. 
While the faecal energy loss was, in absolute terms, 
greater in the control study, the digestible energy 
represented a similar percentage of gross energy in 


` each study (Wilcoxon’s rank sum test). Conversely, 


although the urinary energy loss was of similar 
magnitude in both studies, the consequent percen- 
tage reduction in energy intake was greater during 
infection (p<0-05, Wilcoxon’s ranked sum test for 
paired data) (Table 4). Thus the percentage of gross 
energy intake that was metabolisable was signifi- 
cantly smaller during acute measles than after 
recovery (p<0-05, Wilcoxon’s ranked sum test). 


Apparent energy balance. As a result of the fall in 
metabolisable energy intake and a sustained level of 
energy expenditure during measles, 17 of the 18 
children on whom data were complete were in 
negative apparent energy balance at the end of the 
24 hour study. Conversely, 12 of 18 children were in 
positive apparent energy balance during the control 
study. The magnitude of the mean negative energy 
balance during measles is given by —169 (21-7) 
kJ/kg/24 h and of positive balance after recovery by 
67 (30-0) kJ/kg/24 h. 


Convalescence. As illustrated in Table 2 the mean 
level of nutrition as estimated by the weight/length 
SD score had significantly improved by the time of 
the control study (p<0-01). Nevertheless, this was 


Table 4 Energy intake and resting energy expenditure by 20 children during and after measles; illustrating proportions of 
gross energy digestible and metabolisable after energy loss in faeces and urine, respectively. Values are mean (SE) 


i 
infection 


RINA h % 
Gros energy intake 897 (126-0) 100 
Faecal energy loss 95 (28-8) 
Digestible energy intake ,825 (121-2) 92t 
Urinary energy loss 104 (12-9) 
Metabolisable energy intake | 742 (123-6) T24 
Resting energy expenditure 2574 (183-2) 


“Gross energy intake significantly reduced during measies, p<0-001 (Student's 7 test for paired data). 


Control 
kJikpgi24 h aJi24 h % iJikgl24 h 
94-1 (18-5)* 4288 (457-2) 100 374-2 (29-6) 
6:5 (1-5) 437 (75-4) 36-7 (7-2) 
90-3 (17-6) 3895 (416:6) 87 322-1 (33-3) 
10-9 (1-3) 175 (32-4) : 12-8 (1-9) 
81-5 (17-5) 3731 (489-4) 83 309-4 (32-8) 
256-6 (9-34) 3180 (226-2) 272-2 (8-66) 


+Digestibie energy equivalent to similar percentage of grass energy intake in both studies (Wilcoxon's paired rank sum test). 
tMetaboimabie energy intake equivalent to significantly lower percentage of gross energy intake during measles, p<0-05 (Wilcoxon's paired rank sum tex). 


acccmpanied by a significant deterioration in the 
mean length/age SD score (p<0-01). Neither initial 
nutritional state nor the presence of complicating 
pheamoria was associated with a lower rate of 
weizht gain. Children with rapid rates of weight 
gair, however, had a significantly lower prevalence 
of diarrhoea during convalescence (p<0-01, x’ 
analysis). In summary, measles infection was char- 
acterised. by a 75% fall in gross and metabolisable 
energy intake. Energy expenditure remained at 
control levels, although the post prandial enhance- 
mert of the metabolic rate was absent during 
infection. The satisfactory mean rate of weight gain 
durmg convalescence did not seem to be influenced 
by me in tial nutritional state nor the severity of the 
climcal infection, although it was significantly in- 
hibited by late onset diarrhoea. 


Discussicn 


These deta show that the normal pattern of positive 
ene-gy talance in childhood may be reversed by 
mezsles infection. The major factor responsible was 
the grav> reduction in the intake of gross dietary 
energy. Although this has been quantified only for a 
24 hour period, the universal parental reporting of 
previous anorexia (Table 1) suggests that negative 
energy balance was of a longer duration. 

The development of overt malnutrition after 
infectiors complicated by anorexia and often by 
starvation treatment is not merely an effect of 
uncerfeeding.? °? Starvation associated with infec- 
tioz results in a more rapid and severe weight loss 
thaa does starvation alone.” This seems to be due 
to an increase in resting metabolic expenditure 
during icfection stress’ *! rather than the early fall in 
me-abolc rate that characterises starvation or 
uncerfeeding.”~ ** The present data, while not 
immedietely showing an increase in resting meta- 
boLc ratz during measles, afford no evidence of any 
mé-abol.c adaptation to starvation. However, re- 
view of zhe respiratory quotient data on the control 
group, 97% of whom were in positive apparent 
energy Dalance, eating a high carbohydrate diet, 
suggests a further interpretation. The high mean 
valie ot the resting respiratory quotient, and the 
fac: that the value for respiratory quotient exceeded 
1-6 in 20 out of 31—that is, in 65% of all 
obtervations of resting respiratory quotient—was 
strongly indicative of net lipogenesis from carbohy- 
drete. The persistence of lipogenesis—that is, 
bicsyntkesis—long after the post prandia!l period 
suggested that the resting metabolic rate included 
the energy cost of this biosynthesis. As net biosyn- 
thesis was manifestly absent in the infection study, 
the sustained level of the resting metabolic rate at 
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this time was probably indicative of an increased 
basal metabolic rate. Thus the basal metabolic rate 
seems to be increased in children with measles as it 
is with other viral infections.” | 

No attempt was made to interpret weight changes 
during the acute febrile illness, as they were 
probably influenced by alteration in fluid as well as 
energy balance at this time. 

Although there was a high prevalence of secon- 
dary infection during convalescence (Table 1), only 
in the case of diarrhoea was a significant effect 
observed. An even higher prevalence of diarrhoea 
after measles with graver nutritional sequelae has 
been reported in a rural population with less easy 
access to mains water.” The overall improvement in 
nutritional state, estimated by the mean weight/ 
length SD score, seemed to be the combined effect 
of an increase in weight and sluggish or absent linear 
growth. A link between measles and nutritional 
stunting has also been reported in Nigerian 
children.” 

Malnutrition did not seem to influence the magni- 
tude of negative energy balance observed in the 
present study. However, catabolic weight’ loss to 
meet a given energy shortfall would probably be 
greater in an already lean child because of quantita- 
tive differences in the energy stored in lean and fatty 
tissue. This supposition accords with the observation 
of a more severe weight loss in postsurgical sepsis in 
lean adults.?! 

The return of all 20 children for control study was 
the result of regular surveillance, accompanied by 
medical intervention, during the period of con- 
valescence. Nevertheless, four children failed to 
achieve reference rates of weight gain, and one 
child, whose recovery was interrupted by malaria 
and pneumonia, had become severely wasted by the 
time of the second study. ; 

The nutritional cost of measles has been quanti- 
fied by means of a 24 hour energy balance study. 
The resultant negative apparent energy balance is 
the combined effect of a grave reduction in the 
intake of gross and metabolisable energy and a 
sustained level of resting metabolic expenditure. 
Stopping of growth during infection is shown by 
absence of the usual post prandial increase in 
metabolic rate and suggested by the pronounced fall 
in the level of respiratory quotient during acute 
measles. Despite a period of negative energy 
balance most children gained weight satisfactorily 
during convalescence, although linear growth had 
slowed. Four children, only one of whom was 
previously malnourished, failed to thrive throughout 
follow up. The experimental results of this study 
support previous circumstantial evidence that 
measles, and, by inference, other infections associ- 
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ated with negative energy balance, are probably 


implicated in the genesis of childhood malnutrition. 
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Dietary survey of diabetics 


A F HACKETT, $ COURT, C McCOWEN, AND J M PARKIN 


Department of Child Heaith, University of Newcastle upon Tyne 


SUMMARY This study of 168 diabetic children from Tyneside and Teesside aimed to record what 
the children actually ate and to compare this with both their prescribed diet and current 
recommendations. The amounts of energy consumed were similar to those expected of 
non-diabetic children, but the components of the diabetic children’s diets were different, 
consisting of more fat and fibre, but less sugars and carbohydrates. They ate more carbohydrate 
than prescribed but less than current recommendations as there was a shortfall between the 
amcunt prescribed and that suggested in the recommendations. Diabetic control was related to 
the amount of fibre consumed and to compliance with the prescribed diet, but not to the 
proportion of energy taken as carbohydrate. The insulin dose was slightly lower in those children 


eating more fibre. 


The modification of diet has been a cornerstone of 
the treatment of diabetes mellitus for many years, 
although a great variety of prescriptions have been 
used.’ Typically, dietary treatment restricted car- 
bohvdrate to approximately 40% of the energy 
intake and limited added sucrose. Compliance with 
and benefits from such regimens have been claimed 
to be poor.” >? 

It has recently been suggested that this policy 
leads to an increased fat intake which may con- 


tribate to the diabetic’s liability to vascular 
complications.’ Furthermore, benefits from eating 


disputed." This information led to revised recom- 
mendations for the diets of diabetics.* Briefly, these 
recommendations suggest that energy intake is of 
prime importance, but that only 35% of the energy 


drate intake of at least 50%. Most of this carbohy- 
drate should be consumed as polysaccharides rich in 
fibre. It is still considered important to exclude 
rapidly absorbed mono- and disaccharides. These 
recommendations are similar to those suggested for 
the general population.’ 

The aim of this study was to investigate the 
relations between intake. recommendations. and 
prescribed diet in children with diabetes. 


Methods 


Between July 1983 and March 1984 children attend- 
ing the diabetic clinics at the Royal Victoria In- 
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firmary and the General Hospital, Newcastle upon 
Tyne; the Queen Elizabeth Hospital, Gateshead; 
North Tees General Hospital; and Middlesbrough 
General Hospital were invited to take part in a 
detailed audit. The study was described in detail to 
the parents (and children) both orally and in a letter. 
Ethical approval for the study was obtained from the 
appropriate local committees. 

As part of this audit, current practice was assessed 
by means of a diary kept by the parents or child, or 
both, for three consecutive days. In it they were 
asked to record all dietary intake and the insulin 
regimen. The amount of food consumed was esti- 
mated in household measures and the time of 
consumption was also recorded. This information 
was then converted at an interview (lasting approx- 
imately 30 minutes) on the fourth day to estimates of 
the weight of each item consumed. Computerised 
food tables” were subsequently used to calculate the 
intake of nutrients. This procedure has been used 
previously and is described more fully elsewhere.” 

At a special clinic a structured questionnaire was 
used to obtain social information, and the child was 
examined physically. The parent or child completed 
a test of practical skills and a multiple choice 
questionnaire to assess knowledge of diabetes. A 
blood sample was also requested for estimation of 
glycosylated haemoglobin Al (HbAI) and random 
C peptide. 

Intakes were compared with recommendations 
for groups of children,” and the amount of carbohy- 
drate recommended for diabetics was calculated as 
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50% of this recommended energy intake“ as 
appropriate for age and sex. Compliance with the 
dietary prescription was calculated by subtracting 
the weight of carbohydrate prescribed from that 
consumed. 

The data were analysed using the statistical 
package for the social sciences. Pearson’s r correla- 
tion coefficients were calculated to test for relations 
between variables. Partial correlation coefficients 
were calculated in order to control for the effect of 
any variables that might have confounded the 
relation between dependent and independent vari- 
ables. 


Results 


A total of 234 children were attending the clinics at 
the time of the study. Seven children taking part in 
another study and two who had severe psychological 
problems were not, however, invited to take part. 
One hundred and seventy (75-5% of those invited) 
completed the study. Useful, dietary records were 
obtained from 98 boys and 70 girls, and further 
discussion is limited to these children. 

Seventy (42%) families were -classified into 
socioeconomic group 1, (professional and mana- 
gerial), 68 (40%) into group 2 (clerical and crafts- 
men), 19 (12%) into group 3 (semi- and unskilled 
labourers), and 11 (6%) into group 4 (either 
unknown, unclassified, or retired), Their age 
distribution is shown in Table 1 together with some 
other clinical details. Subsequent analysis by age 
was made to correspond with the age groups given in 
the tables of ‘Recommendéd amounts of food 
energy and nutrients for groups of people in the 
United Kingdom’.’ 

The intakes of energy and carbohydrate are 
summarised in Table 2 together with the recom- 
mended and prescribed daily amounts of carbohy- 
drate. The mean energy intakes were within 10% of 
those recommended. The mean carbohydrate in- 


takes, however, were consistently below those 
recommended (averaging 84%), only 25 children 
(15%) consuming more. The mean amount of 
carbohydrate prescribed was only 71% of the 
recommended level. Carbohydrate intake therefore 
averaged 120% of that prescribed, and only 16 
(9:5%) children ate less than this. Table 2 also 
shows the intake of sugars and fibre and the 
composition of the energy intake related to age and 
sex. For comparison Table 2 includes results from a 
recent local dietary survey of non-diabetic children 
in which an identical survey procedure was used.” |! 
The relatively low contribution of carbohydrate to 
the energy intake of the diabetic children can be 
seen. Only eight children consumed 50% or more of 
their energy in this form. Total sugars contributed 
less to the energy intake than in the Northumber- 
land study,’ but fat contributed slightly more. Total 
sugars constituted a lower proportion of the car- 
bohydrate intake. Furthermore, the lactose intake 
of the diabetic children (mean 19-2 g boys, 18-7 g 
girls) contributed 25% of the sugars consumed, 
compared with 13% in the previous study (17:1 g 
boys, 13-4 g girls). The fibre intakes of the diabetic 
children were also higher. 

The Figure shows the energy intakes of the boys 
and girls related to their ages. Superimposed on this 
are the predi edicted enérgy intakes for non-diabetic 
children. The intake of the diabetic girls seems to 
match the predictions closely while the boys’ intake 
tends to be slightly below the predicted value. 

The relation between the single HbAl measure- 
ment and mean dietary intake is summarised in 
Table 3. As HbAI was correlated to C peptide 
(r=—0-319, P<0-01), this was controlled for in these 
calculations, The age of the child was related to the 
intake of several nutrients (energy r=0-610, 
P<0-01; carbohydrate r=0-575, P<0-01; % car- 
bohydrate r=—0-079, P>0-05; sugars r=0-240, 
P<0-01; % sugars r=—0-242, P<0-01; and fibre 
(g/MJ) r=—0-226, P<0-01), and was also used as a 


Table 1 Age distribution of those pales who completed the dietary survey together with their mean (SD) duration 
of diabetes, insulin dose, weight and glycosylated haemoglobin (HbA!) 





Age group m 7 
<5 5-7 7-9 9-11 11-13 IMIS 15+ 
Sex . ~ ; 
Boys sir 9 li il 17 26 16 8 
Girls 2 5 1 12 18 19 7 
Duration of i 
diabetes (yrs) 2-0 (0-7) 1-8 (1-1) 2-9 9) 3-8 (2-1) 4-3 (2-9) 5-5 (3-1) 4-7 (4-0) 
Insulin dose 
(Ufkg) 0:78 (0-12) 84 (0-20) 0-88 (0-19) 0-84 (0-25) 6-89 (0-29) 1-00 (0-32) 0-88 (0-31) 
Weight (kg) 18-6 (1-4) -4 (2-7) ‘9 (3-5) 34-6 (4-9) 41-7 (6-6) 47-1 (7-3) 58-3 (5-7) 
HbA! (%) 10-0 (1-7) 9-5 (2-2) 10-7 (2-4) 10-3 (2-1) 12-1 (1-9) 10-2 (3-4) 


10-1 (1-7) 
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controlling variable. Energy, fibre (in relation to 
energy) and compliance with prescriptions for car- 
bohydrate were the only factors found to relate to 
HbAI. The data were analysed for boys and girls 
separately and gave similar results. 

There was an inverse relation between insulin 
dose and the intake of fibre (g) after controlling for 
C peptide and age (r=-—0-182, P<0-05). The 
equivalent value for fibre per unit of energy (g/mJ) 
was r=—0-156, P=0-058. Insulin dose was not 
related to the other dietary variables. 

There was a weak relation between duration of 
diabetes and % energy consumed as carbohydrate 
(r=+0-126, P=0-05) and prescription of carbohy- 
drate (r=—0-123, P=0-06), suggesting that the 
patients who had developed diabetes recently were 
prescribed a more appropriate diet but actually ate 
less carbohydrate. 


Discussion 
l 

This study has shown that there i is still a tendency to 
prescribe amounts of carbohydrate well below those 
suggested in current recommendations. It was con- 
ducted at five clinics at which nine consultants and 
five dietitians were working, and hence no consis- 
tent dietary policy was observed. All clinics sup- 
ported, in principle, the current dietary recom- 
mendations, but the slight negative relation between 
duration of diabetes and carbohydrate prescribed 
suggests that the recommendations were being 
applied to newly diagnosed patients more than to 
those with long standing disease. Some still used the 
‘rule of thumb’ method of calculating the carbohy- 
drate allowance—-100 g plus 10 g for each year of 
life. The energy intakes of these diabetic children 
were broadly in line with those predicted for non- 
diabetic children, a finding similar to that of 
Kinmonth and Baum.” Therefore, in order to 
comply with their allowance the diabetic children 
were forced to complete their energy balance by 
consuming extra fat, and, to a smaller extent, 
protein. Even so their intakes of carbohydrate were 
above the prescribed amounts, although this was 
partly due to the methodology employed, which 
counted the carbohydrate in all foods and drinks 
even those usually considered to be carbohydrate 
free, for example cabbage and tomatoes. Widdow- 
son, in her pre-war study of 13 diabetic children 
aged 5 to 17 years, concluded that their diets were 
lower in energy and carbohydrate but higher in fat 
and protein than the diets of non-diabetic children.‘* 
She suggested that the lower energy intakes were the 
result of the diabetic children leading more ‘sheltered’ 
and hence less active lives, which is now actively 
discouraged. 


Although the children generally consumed more 
carbohydrate than prescribed, they consumed less 
than might have been expected for non-diabetic 
children. This is evidence of the effort made to 
comply with dietary instructions. Compliance, as 
defined here, was also found to be related to 
control. Account should also be taken, however, of 
what the child might have eaten had it not been for 
the dietary instructions. Although this cannot be 
known with certainty for our patients, it seems likely 
that apart from the differences in fat and carbohy- 
drate intake, these children would have eaten more 
sugars (not lactose) but less fibre. Sucrose was used 
very little, whereas saccharine, proprietary diabetic 
foods, and modified recipes were much in evidence, 
indicating compliance despite the difficulties associ- 
ated with dietary modifications. 

The low prescriptions of carbohydrate may have 
been due to failure to review the diet often enough. 
Calculations show that the ‘rule of thumb’ method 
of calculating carbohydrate allowance underesti- 
mates recommended intakes for groups of subjects, 
especially for boys, and the margin increases with 
age. Carbohydrate allowances at approximately 
50% of the predicted energy intake for non-diabetic 
children can be calculated using modifications of the 
regression equations of Whitehead, Paul, and Cole; 
boys: carbohydrate (g)=135+19-0 years—0- 375 
years’, girls: carbohydrate (g)=119+21-2 years—0-81 
years’. Extreme caution is advised, however, when 
using these methods because subjects can vary so 
much and there has been a tendency for the energy 
intake of children to fall over recent years. 2 The 
best method of prescribing carbohydrate is probably 
based on an assessment of previous energy intake. 
There is, however, the possibility that achieving the 


_ new recommended intakes without resort to larger 


intakes of refined carbohydrate is not practical. If 
the underprescription of carbohydrate could be 
successfully corrected it is likely that the intake of 
fibre would further increase. 

The findings that the amount of fibre (g/MJ) 
correlated negatively with HbAl and weakly with 
insulin dose are in agreement with suggestions that 
unabsorbable carbohydrate (fibre) may improve 
control by decreasing insulin requirements. No 
relation was found between the proportion of the 
energy consumed as carbohydrate and HbAI or 
insulin dose (Table 3), suggesting that the improve- 
ment in tolerance with a high carbohydrate diet’® 
may be due to an increase in fibre. Caution must be 
urged, however, before extrapolating these results 
because the glycaemic response to a meal varies with 
the sources of carbohydrate!’ and the different fibre 
fractions.® Neither of these were identified in this 
study, and it is not known to what extent the lower 


HbA: values were associated with these specific 
dietary variables. The children in this study, how- 
ever. were eating diets which were, to a large extent, 
self selected indicating that fibre may be a practical 
aid to control. Some experimental diets seem to be 
very unrealistic. 

Ore experimental study has reported that the 
benevits of a high fibre, high carbohydrate diet may 
only apply to those children still producing endoge- 
nous insulin.° This thesis is not supported by our 
observations of 168 children who were continuing 
with their normal routines and dietary practices. 
There is a complex interaction, however, between 
parent knowledge, socioeconomic group, fibre in- 
take. and control (unpublished observations), and 
so it s possible that fibre intake may only be related 
to HbAI as a covariate. 

Diet is commonly mentioned as the major prob- 
lem encountered when looking after a diabetic child. 
Dietary recommendations for diabetics, however, 
are now similar to those for the general population.’ 
This fact should be utilised when giving dietary 
instructions: bringing the intakes of children with 
diabetes more in line with the rest of the family (or 
vice versa’ may lead to a considerable improvement 
in likestyle. 


This study was supported by grants from Newcastle Health 
Autherity ard Nove Laboratories Limited. 
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Plasma fibronectin concentrations in mucocutaneous 
lymph node syndrome 
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SUMMARY Plasma fibronectin concentrations were measured in 41 patients suffering from 
mucocutaneous lymph node syndrome (MCLS, Kawasaki disease). Plasma fibronectin concen- 
trations were decreased significantly in the early days of the disease, but increased gradually and 
reached significantly high concentrations by the fourth week of the disease. 

In nine of the 41 patients, coronary involvement was found by echocardiographic examination. 
These patients showed significantly lower plasma fibronectin concentrations in the first and 
second weeks of the disease than those without coronary involvement. 

As the underlying pathology of MCLS is known to be vasculitis, the lower plasma fibronectin 
concentrations might be partly the result of injury inflicted upon the endothelial cells, which are 
thought to be the major site of synthesis of circulating plasma fibronectin concentrations. 


Fibronectin is an adhesive glycoprotein that is found 
on many cell surfaces and in extracellular fluids. A 
wide variety of its properties has been revealed 
recently. Plasma fibronectin is known to play a role 
in phagocytosis of neutrophils! and macrophages,” 
clearance of collagenous debris by the reticulo- 
endothelial system,” wound healing, and so on. 
As commercially available kits for the measure- 
ment of human plasma fibronectin concentrations 
are available, we have measured it in several groups 
of normal and diseased children.* Among them, 
patients suffering from MCLS seemed to show a 
distinct trend during the course of their disease. 


Materials and methods 


Patients. Forty one patients, who fulfilled the 
diagnostic criteria for MCLS prepared by the re- 
search committee of MCLS,° which was supported 
by the Ministry of Health ‘and Welfare of the 
Japanese government, were included in the study. 
These included 21 boys and 20 girls; the ages of the 
patients were between 2 months and 4 years. The 
Table shows the patients’ age and sex. Of the 41 
patients, nine were shown to have some coronary 
involvement by echocardiographic examination, 
which was performed at least once in the conva- 
lescent phase, usually twice or more serially. 
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Table Distribution of patients according to sex and age. 
(Values in parentheses are No of patients with coronary 
involvement) 


Age (yrs) No Boys Girls 

<1 ll 73) 4 (2) 
<2 14 6 (1) 8 (1) 
Qc 7 5 (1) 2 (0) 
<4 7 2 (1) 5 (0) 
45 2 1 (0) 1 (0) 
Total 4i 21 (6) 20 (3) 


Samples. Blood samples were drawn by venipunc- 
ture from patients with MCLS. Plasma was separ- 
ated with sodium citrate and stored at —40°C until 
assayed. A total of 165 samples were collected from 
the 41 patients. One to 12 samples were obtained 
from each patient on days ranging from days 2 to 92 
of the disease. 


Measurement. A commercially available kit for 
determination of human plasma fibronectin con- 
centrations, issued by Boehringer Mannheim Yama- 
nouchi Co Ltd, was used. The principle of this test is 
a kinetic turbidimetric measurement of the antigen- 
antibody reaction. 
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Consent. Consent for the sampling was obtained 
from all parents of the MCLS patients. 


Statistical analysis. The groups were compared using 
the z test and Welch’s test according to the sample 


distribution. 
Results 


Changes ir plasma fibronectin concentrations dur- 
ing the days after onset are shown in Figure 1. The 
shaded area represents the normal range of plasma 
fibromectin concentrations for infants and children 
in our hospital.* The decreased plasma fibronectin 
concentrations in the early days of the disease and 
the following tendency to increase are obvious. 
Figure 2 represents the plasma fibronectin concen- 
trations in patients with MCLS classified according 
to the day of sampling from the onset of disease. 
The conceatration (173 (SD 58) mg/l, n=24) in the 
first week ef the disease was significantly decreased, 
and the values at the fourth, sixth, and seventh week 
or later were significantly increased compared with 
the norma values in our hospital. 
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Fig.2 Plasma fibronectin concentrations in patients with 
MCLS and date of sampling. Shaded area represents the 
normal range in our hospital; brackets represent mean 
(SD). 
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Fig.3 Plasma fibronectin concentrations in patients with 
MCLS: comparison between those with (~ — © - —) and 
without (—@—) coronary involvement. Shaded area 
represents the normal range in our hospital; brackets 
represent mean (SD). 
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The plasma fibronectin concentrations in patients 
with MCLS without coronary involvement were 
higher than those with coronary involvement at any 
week of the disease that had been measured (Fig. 3). 
In the first and second week of the disease, 
particularly, the differences between those with and 
without coronary involvement were significant. The 
number of samples included were 109 samples from 
32 patients without coronary involvement and 56 
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samples from nine patients with coronary involve- 
ment. 


Discussion 


The cause of MCLS is not yet known, although 
some bacteria, viruses, and toxins are thought to 
participate in the pathogenesis of this condition. 
Plasma fibronectin is known to act as a non-specific 
opsonin for the reticuloendothelial system.? 
Accordingly, it is possible to attribute the reduced 
plasma fibronectin concentrations to its consump- 
tion during the clearance of macromolecules such as 
immune complexes or bacteria. Another reason for 
the decreased concentrations of plasma fibronectin 
in the early stage of MCLS, however, may be that, 

because the underlying pathology of MCLS is 
vasculitis,° there may be damage to the endothelial 
cells, which are thought to be a major site of 
- synthesis of plasma fibronectin.’ If this is indeed the 
case, the degree of decrease of the plasma fibronectin 
concentrations may reasonably correlate with the 
degree of vasculitis of the coronary artery as well as 
with the degree of coronary involvement. Plasma 
fibronectin concentrations are known to be lower in 
younger individuals,* in whom coronary involve- 
ment is more commonly observed, as shown in the 
Table. It was therefore suspected that the lower 
plasma fibronectin concentrations in patients with 
coronary involvement might be due to the age 
groups concerned. To investigate this possibility, the 
plasma fibronectin concentrations in patients with 
and without coronary involvement were compared 
` with those in each age group, and the results 
confirmed that the concentrations were lower in 
patients with coronary involvement, irrespective of 
age (data not shown). 

The treatment of MCLS is not yet established. At 
present, it is important to detect coronary involve- 
ment as early as possible. Nowadays, echocardio- 
graphic examinations are conveniently available at 
almost every hospital or clinic, and serial and 
meticulous follow up study using echocardiographic 
examination is the ee method of management 


of MCLS in this country. Unfortunately, coronary 
involvement cannot be detected with this method 
until it becomes obvious. It seems valuable, there- 
fore, to anticipate coronary involvement in patients 
with MCLS. If a low initial fibronectin concentra- 
tion is a possible indicator of subsequent formation 
of aneurysms the determination of plasma fibro- 
nectin concentrations in patients with MCLS will be 
of some clinical use in selecting more severely 
affected patients for aggressive treatment. In terms 
of the subsequent increments in plasma fibronectin 
concentrations in patients with MCLS, no appropri- 
ate explanation can be given at present. It might, for 
example, be the result of an overshoot in production 
in the replenishing process. 


We are indebted to Professor Mitsuru Osano, Department of 
Pediatrics, Keio University, for his support and encouragement 
and to Miss Kyoko Shinohara for her technical help. 

This work was presented at the 16th conference of the Japanese 
Society of Pediatric Immunology and Infectious Diseases. 
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Intussusception—current trends in management 


K W LIU. J MacCARTHY, E J GUINEY, AND R J FITZGERALD 
The Children’s 





Hospital, Temple Street, Dublin 1, Ireland 


SUMMARY Barium enema reductions were attempted in 65 (90%) of 72 intussusceptions, of 
which 51 (79%) were successful. This represents a success rate of 70% overall. The average 
hospital stay was 31⁄2 days. There was no mortality and, apart from a recurrence rate of 10%, no 
morbidity. It is suggested that barium enema reduction should be the treatment of choice 
provided that there is an emergency service of a paediatric radiologist and the patient is 
adecuately resuscitated, the only absolute contraindication being evidence of pneumatosis 
intestinalis or peritonitis. Those patients who presented with shock, rectal bleeding, duration of 
symptoms longer than 48 hours, and pronounced degree of bowel obstruction had a higher rate of 
unseceessful reduction. However, only the last two were significant. Further, provided that the 
clinical condition remains satisfactory and the reduction has been achieved to the caecum, a 
repeat barium enema after some hours may be successful in achieving reflux of contrast into the 
ileum. confirming complete reduction. 





Recently, there has been a trend towards the use of or where appropriate, Fisher's exact test were used 
barium enema reduction in the treatment of intus- to assess significance. 

susception. This paper reviews and analyses all 

those patients treated with barium enema reduction Results 

at our hospital and looks into the factors that are in 


favour for or against its use. After adequate resuscitation with half strength 
dextrose-saline or plasma, or both, barium enema 
Patiems and methods reduction was attempted in 65 cases (90% of the 





total). Diazepam and hyoscine butylbromide in the 
All patients with intussusception admitted into the appropriate dosage were given for sedation and 
hospital from June 1977 to December 1983 inclusive bowel relaxation, respectively (diazepam 250-300 
were studied. There were 66 patients with 72 cases pg/kg by slow intravenous injection, hyoscine butyl- 
of intussusception (six recurrences). The diagnosis bromide 400 pg/kg by slow intravenous injection). 
was confirmed either radiologically or at operation. In the other seven cases, barium enema was not 
There were 46 boys and 20 girls. Sixty eight cases attempted (three because of previous recurrence, 
(94%) were under one year of age (mean 65 three because of very gross bowel obstruction, and 
months). Abdominal pain and vomiting occurred in one because of the choice of the attending surgeon). 
64 (9%) cases and rectal bleeding in 36 (50%). A Forty nine cases out of the 65 attempts were 
palpable abdominal mass was found in 53 (74%) successfully reduced, and two more cases that were 
cases and in two (3%) the mass was palpable per thought to be incompletely reduced were found to 
rectum. Blood was found at rectal examination in47 be completely reduced at laparotomy. The barium 
(65%) cases. Thirty two (44%) were noted to be enema therefore completely reduced the intus- 
dehydrated on admission, and four (6%) were in susception in 5] of the 65 attempts, a success rate of 
shock. Plain films of the abdomen were taken in all 79%. There were five recurrences, and two were in 
cases and showed moderate to gross bowel obstruc- one patient. The interval between the reintus- 
tion in 22 (31% } and mild degree in 15 (21%). A soft  susception varied between one month and eight 
tissue shadow suggestive of intussusception was months with an average of about three months. The 
found in 35 (49%). Intussusception was diagnosed recurrence rate was 10% (5 out of Si). 

on admission in 63 (88%) cases, and in the rest the Twenty five cases were subjected to operation (14 
diagnosis was delayed beyond 24 hours. The y“ test, after failed hydrostatic reduction, two after pre- 


is 
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sumed failed hydrostatic reduction, seven wha did 
not have reduction with barium enema attempted, 
and two because of suspicion of non-Peyer’s patch 
lead points even after successful reduction). Gut 
resection was carried out in three cases, one because 
of Meckel’s diverticulum and two because of gangre- 
nous bowel. One patient with failed barium enema 
reduction was shown at surgery to have a volvulus of 
the small bowel associated with malrotation proxi- 
mal to an intussusception, which was easily reduced. 
The intussusception was thought to have predis- 
posed the volvulus.' There was one late recurrence 
after operation. This occurred in the same patient 
who had previously had two recurrences after 
successful barium enema reductions. Complications 
included two wound infections, one chest infection, 
and one postoperative bowel obstruction due to 
adhesions. l 

Analysis of the successful and failed barium 
reductions showed that age group did not seem to be 
a significant factor (Figure). Those cases with rectal 
bleeding, signs of shock, duration of symptoms for 
more than 48 hours, and a pronounced degree of 
bowel obstruction had a poorer chance of successful 
reduction. The Table shows that the presence of 
rectal bleeding or shock on admission did not 
` achieve significance. There was, however, a much 
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Figure Age of patients in the groups with successful and 
failed barium enema reductions. ' 


Table No (%) of patients with'signs and symptoms in 


the groups with successful and failed barium enema 
reductions 





Signs and symptoms Group with Group wth 
successful reduction failed reduction 
(n= 5I) (n= 14) 

Symptoms > 48 hours* 3 (6) 5 (36) 

Rectal bleeding 33 (65) ı 12 (8) 

Shock on admission 2 (4) l 2 (14) 

Pronounced degree of i 

bowel obstruction ** 9 (48) 1 9 (64) 


larger percentage of patients with symptoms longer 
than 48 hours in the failed group than in the 
successful group (7°=0-06, df=1, p<0-01). Also, a 
pronounced degree of bowel obstruction was related 
to a failed reduction (y’?=11-93, df=1, p<0-001). 
There was no mortality in this series treated either 
by operation or with barium enema reduction. ` 
Apart from the 10% recurrence rate in the cases 
treated with barium enema reduction there was no 
other morbidity, whereas there was a small but 
definite morbidity in the group treated by operation. 
This might be due to the poorer condition of the 
cases chosen for operation. The duration of stay in 
hospital also differed significantly, being 81⁄2 days in 
the group treated by operation and 34 days in the 
group treated with barium enema reduction. 


Discussion 


The use of barium enema reduction has become 
increasingly the method of choice in the treatment 
of intussusception. The success rate varies in dif- 
ferent centres from 18% to 85%.” In our series a 
success rate of 79% of those attempted was 
obtained. This represents a success rate of 70% 
overall. 

It has been considered that barium enema reduc- 
tion should not be attempted in patients whose 
duration of symptoms is greater than 24 hours and 
who are very ill.!° |! Yet we had nine patients whose 
symptoms were longer than 24 hours, two patients 
with symptoms greater than 48 hours, one patient 
with symptoms over 72 hours, and two cases 
presenting in shock, and all of them were success- 
fully reduced with barium enema. In such cases, 
however, there is a poorer prospect of reduction, 
and they should be approached with extra caution as 
being at greater risk of the disaster of perforation 
during barium enema.” © The only absolute con- 
traindication to attempted hydrostatic reduction, in 
our opinion, is evidence of peritonitis or pneuma- 
tosis intestinalis (none in our series) provided that 
the following principles are strictly observed: 

(1) A paediatric radiologist is readily available. 

(2) The facility of image intensification and timer 

is available. 

(3) Adequate resuscitation of the patient. 

(4) Ready access to operative intervention if 

hydrostatic reduction fails. 

(5) Recurrence more than once calls for opera- 

tion reduction. 

One objection to hydrostatic reduction is the 
radiation involved. Most reductions take only seven 
to eight minutes’ screening time, and with the low 
radiation factors possible with image intensification 
and a small field the level of irradiation seems 


acceptable. Problems that may arise from using 
barem enema reduction include perforation of the 
coloa, recuction of non-viable bowel, incomplete 
reduction, missed reduction of a non-Peyer’s patch 
lead point, and delay of operative treatment in the 
unsuccessful cases. Perforation of the colon is very 
rare 7 '\* No rupture of the bowel was encountered 
in ow senes. From our experience perforation is 
unlikely te occur if the barium receptacle is no more 
than one metre higher than the table. Attempts at 
reduction are abandoned if the condition of the child 
is peor, E more than 15 minutes fluoroscopy is 
required, or if the head of the intussusception 
remains stationary for ten minutes as shown by 
occasional screening. Reduction of non-viable 








hydrostatic pressure employed. Incomplete reduc- 
tion is unlikely if it is mandatory that free reflux is 
observed mto the small bowel. In fact, even when no 
free reflux took place, reduction was later shown to 
be complete either at operation (two cases) or 





enema is readily available. complete reduction can 
be confirmed or further reduction attempted. The 
incidence of aetiological lead points other than 
Peyer's patch is low in most series.’ ” In our series 
only one patient had a lead point of aetiological 
impertanee. The only causative lesion of concern is 


lymohosarcoma, which usually causes chronic 
intussusception’ ’ and is unlikely to be missed. 
Significant delay of operative treatment in those 
unsiccesstul cases should not occur if facilities for 
operation are readily available. 

Cur stady thus favours the use of barium enema 
redaction in the treatment of intussusception, as the 
coneplication rate is low, the duration of hospital 
Stay is shorter, and the child is spared an operation. 
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Short reports 


Cause of neonatal convulsions 


Towards more precise diagnosis 


M I LEVENE AND J Q TROUNCE 


Department of Child Health, Leicester University Medical School, Leicester 


SUMMARY All infants presenting with neonatal 
seizures Over a two year period were carefully 
investigated for the cause. In 20% either intracranial 
haemorrhage or infarction of a major cerebral artery 
was detected by real time ultrasound. Routine 
imaging techniques should be performed in all 
infants with neonatal convulsions. 


The incidence of neonatal convulsions varies be- 
tween 1-5 and 14 per 1000 liveborn infants.!? 
Although a large number of aetiological factors have 
been implicated, few studies have reported the 
various causes among a cohort of newborn infants. 
We prospectively studied all infants with neonatal 
seizures over a two year period by a variety of 
investigations, including high resolution real time 
ultrasound, and found intracranial haemorrhage to 
be an important and relatively frequent finding. 


Patients and methods 


Over a two year period all infants with clinically 
observed convulsions were carefully investigated. 
Infants of 35 weeks’ gestation and above were 
included in the study if they had been witnessed to 
have a convulsion by a member of the medical staff. 
Seizures occurring at any time from birth to the 28th 
day of life were considered. Those infants referred 
from outside the hospital were included if they 
fulfilled the above criteria. 

Initial investigations included blood sugar, serum 
electrolytes, including calcium, blood cultures, and 
a real time ultrasound examination of the brain (ATL 
300i machine fitted with a multifrequency trans- 
ducer). In addition the labour ward records were 
examined for evidence of fetal distress on car- 
diotachograph recordings and the Apgar scores 
were noted. For a diagnosis of asphyxia to be made, 
the infant was required to show some evidence of 
distress in utero or at birth, and also to show the 
classic progression of neurological abnormality 
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associated with this condition. If these criteria were 
normal or if the infant continued to have convul- 
sions then the following investigations were also 
performed: TORCH screen (antibody titres for 
toxoplasmosis, rubella, and herpes; urine micros- 
copy for intracellular inclusion bodies), lumbar 
puncture, urine for amino acid and organic acid 
chromatography, and a ‘metabolic’ screen of urine 
for reducing substances, pH, ketones, sugar, and 
glycosaminoglycans. 


Results 


Sixty one infants were studied. Gestation ranged 
from 35 to 42 weeks (median 40), and the time of the 
first convulsion ranged from 2 hours to 25 days of 
age (median 2 days). A cause was evident in 56 
(92%) of the infants (Table). The commonest cause 
was asphyxia (53%) but others were infection (8%) 
and metabolic (5%), hypoglycaemia (3%), and 
congenital abnormalities (3%). Three infants were 
found to have neonatal ‘stroke’ and nine had 
intracranial haemorrhage. The varieties of haemor- 
rhage included intraventricular (4 cases), thalamic 
(2 cases), primary parenchymal, subarachnoid, and 
subdural associated with a tear of the tentorium (1 
case each). Cerebral artery infarction affected the 
posterior cerebral artery in two cases (Figure) and 
the middle cerebral in one. Other disorders included 
maple syrup urine disease, hypernatraemia, and 


Table Causes (where determined) of neonatal convulsions 
in study infants 


Congenital abnormality 
Hypoglycacmia 
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Pasterior coronal scan showing slight shift of the 


Figure 
midëae towards the right with a normal right lateral 
ventricle (arrowed). There is a diffuse area of increased 
echatensits obscuring the ventricle on the left side 
corresponding to the area of infarction. 


accmentad ergometrine injection at birth. No infants 
had hypecalcaemia as the primary cause of their 
seizures. Congenital abnormalities included holop- 
rosencepRaly and spina bifida with hydrocephalus. 
Both infants with hypoglycaemic convulsions had 
major underlying pathology (congenital heart dis- 
ease in One and trisomy 9 in the other). Of the five 
infants in whom no cause could be found, a single 
seizure Occurred in one on the first day of life and in 
another multiple convulsions developed on day 10. 
Three babies had seizures on days five or six: these 
were sel’ limiting and the infants seemed to be 
neurologically normal between seizures. 


B * . ered 
Discassiea 


Two recently reported studies found no definite 
cause for neonatal convulsions in 29% ' and 69%? of 
term infants. The latter study of Goldberg reported 
that 52% of all infants born at term and admitted 
over a 10 year period had so called ‘fitth-day fits’. As 
there is no satisfactory explanation for these seizures 
it seems More appropriate for the present to refer to 
them as being of unknown origin. Only three infants 
in our study would fall into this category. 
Intracramial haemorrhage or neonatal stroke 
seems. m Our study, to have a common and 
important association with neonatal seizures, 


certain that haemorrhage was the cause of the 
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seizure in all cases but it is very unlikely that the 
convulsion caused the intracranial bleed. It is 
possible that a more fundamental insult caused both 
seizures and haemorrhage. Nevertheless intracranial 
haemorrhage seems to be a useful marker for such 
cerebral injuries and a prognosis may be given on 
the basis of this condition. 

There have been four studies in the past 10 years 
reporting the incidence of different causes of neo- 
natal fits.'*° Three do not report intracranial 
haemorrhage to be a cause in any cases and the 
fourth’ detected haemorrhage as the cause of 
seizures in only 2-5% of cases. None of these studies 
seemed to use any form of imaging technique. In a 
recent study Fenichel and colleagues’ reported 22 
term infants with intracranial haemorrhage, of 
whom 18 (82%) developed seizures in the neonatal 
period. In addition, a French study described eight 
infants with neonatal stroke, and seizures occurred 
in all.” It is likely that both intracranial haemorrhage 
and neonatal stroke occur frequently in newborn 
term infants and present very commonly with 
seizures. 

In summary, we have shown that haemorrhagic or 
infarctive lesions of the neonatal brain are a 
relatively common cause of neonatal seizures. Real 
time ultrasound is a very reliable method of diag- 
nosing these conditions’ and this investigation 
should be part of the routine screen of all infants 
with seizures. 


Dr J Q Trounce is supported by the Spastics Society. 
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Neonatal respiratory distress due to mumps 


O REMAN, F FREYMUTH, D LALOUM, AND J F BONTE 


Service de Néonatologie and Laboratoire de Virologie, CHRU Caen, France 
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SUMMARY We report an infant of 35 weeks’ gesta- 
tion who developed severe respiratory distress and 
pneumonitis due to perinatal mumps virus infection. 


AAA ROAR CA NA A AAAA AA pe PHELAN NH RERUN gH URI Pc A mee motte 


It is unusual that mumps virus should be responsible 
for neonatal respiratory distress. To our knowledge 
only one case has been described. We report a case 
in which infection was probably transplacentally 
acquired and resulted in severe pneumonitis. 


Case report 


A male infant was born at 35 weeks’ gestation 
weighing 2530 g after a normal pregnancy. After 
spontaneous rupture of the membranes, delivery 
was induced after a rise in temperature to 38-5°C. 
Given the risk of infection, the child, whose results 
of clinical and bacteriological tests were normal, was 
treated with antibiotics. On the third day of life his 
temperature rose to 38-5°C. On the sixth day oral 
feeding was stopped because of bilious gastric 
aspirates and abdominal distension and replaced 
with parenteral nutrition. On the seventh day 
tachypnoea and cyanosis developed. A chest x ray 
film showed irregular opacities. On day 13 hepa- 
tomegaly, tachycardia, and coughing were observed. 
Echocardiography was normal. The persistence of 
severe respiratory distress necessitated endotracheal 
intubation and mechanical ventilation. Six days later 
the child’s state improved rapidly, allowing extuba- 
tion. Oral feeding was started again. Antibiotics 
were carried on for 23 days. Results of a hearing test 
by an auditory cradle were normal, and the child 
was discharged. He was seen again one month later 
and showed no further symptoms. 
Bacteriological cultures of blood, faeces, urine, 
ind tracheal excretions and from the umbilical 
catheter were negative. Cerebrospinal fluid col- 
ected on days 2, 6, 17, and 23 was normal. Plasma 
amylase activity was 700 U/l, 10 times the normal, 
mith normal plasma lipase activity. Blood count on 
lay 8 was haemoglobin 154 g/l, white blood cell 
3X 10°71 (2-6x10° polymorphonuclear leucocytes 
ind 2-2 10° lymphocytes), and on day 14 was 
iaemoglobin 124 g/l, white blood cell 20x 10% 
11-3 10° polymorphonuclear leucocytes, 7:3 10° 
ymphocytes, and 1-8 10° monocytes). Mumps virus 


Table /solation and serology of the mumps virus on the 
patient and his family 





Patient Mother Brother Father 

Day IG 24 2d 34 24 
Mumps virus 

isolation + ~ = ~ ~ 
Mumps antibodies 

fests: 

Complement 

fixation 1/32 1/256 1/192 1/6 1/32 
Indirect IgG Vi28 22048 B2l2048 21/2048 28 
“ELISA [gM WS5f2 p104 1/128 Negative Negative 





“ELISA=Enzyme linked immunosorbent assay. 


was isolated from a throat swab taken on day 9. A 
significant rise in mumps antibodies was shown by 
complement fixation test and by an indirect enzyme 
linked immunosorbent assay (ELISA test) for the 
presence of IgM antibodies (see Table). No mumps 
virus antibodies were found in the cerebrospinal 
fluid. On day 24 tests for mumps virus antibodies 
were carried out on the child’s family: the mother 
had high antibody concentrations of IgM and IgG 
classes, and a 4 year old brother had high concentra- 
tions of [gG antibody only. 


Comment 


This neonate showed an unusual response to mumps 
virus infection shown by severe respiratory distress 
and pneumonitis without parotitis. The mother had 
no obvious signs of mumps infection during preg- 
nancy. but latent or unusual forms of infection are 
common. The presence of high concentrations of 
mumps antibody with IgM specificity allows a rough 
dating of maternal infection to the last weeks of 
pregnancy or at delivery. Fever at this time may be 
the only clinical sign of a primary mumps infection. 
The mother probably acquired her infection from 
her first son who had high IgG antibody concentra- 
tions. The baby may have been infected trans- 
placentally because the delay of three days before 
the onset of the disease is considerably shorter than 
the incubation period. 

Mumps virus can cross the placenta: it has been 
isolated from a 10 week old fetus spontaneously 
aborted after maternal mumps parotitis.” The inci- 


derce of mumps infection has been variously esti- 

maed as between 08 and 10 cases per 100 
pregnancies. ’ During mumps, virus initially repli- 
cates in the epithelium of the upper respiratory 
traci. A viraemia follows. and there is often pro- 
longed excretion of virus in the urine for two to 
three weeks. Only six cases of mumps virus infec- 
tioas occurring at the end of pregnancy have been 
described.?* Four infants developed a parotitis 
during the first week of life, one child remained 
asymptomatic, and no virus was isolated. One child 
was admitted on the seventh day of life with high 
fever and respiratory distress, which resulted in a 
week of ventilation.! The outcome was good and 
one year later the child was still well. Common 
features with our case were general illness, respira- 
tory distress, latent period, and good prognosis after 
svryptomatic treatment. 
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Mumps infection in the newborn can be mislead- 
ing because of the lack of apparent parotitis or 
meningitis. It emphasises the value of systematic 
early virologic studies in any neonatal infection. 
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Comparison of ultrasound examination and intravenous urography 


after a urinary tract infection 


D LINDSELL AND M MONCRIEFF 
Joan Redcliffe Hospital, Oxford 


SUwMARY The results of ultrasound examination 
and intravenous urography after a urinary infection 
were compared in 100 children. Thirty seven had an 
aboormality on urography, but in 12 this was not 
seen on ultrasound. One of these had renal scarring, 
the remainder only minor abnormalities. 


Investigations after a urinary tract infection are 
carried out to detect factors predisposing to infec- 
tica (obstruction lesions and gross vesicoureteric 
reux) and early renal scarring. Until recently this 
involved an intravenous urogram (IVU) and mictur- 
at ng cystourethrogram | in all children after the first 
in‘ection.' These investigations involve irradiation, 
ar> unp easant, and have potential complications. A 
se ective approach has been advocated with an IVU 
in all cases, a micturating cystourethrogram being 
deferred until a second infection in children with a 
nermal IVU." This still means that an [VU is carried 
oet on all children with an infection. Ultrasound 
examination is painless, free from side effects, and 
wad be an acceptable alternative investigation if 
the abnormalities mentioned above could be reliably 
detected. A preliminary report comparing ultra- 
scund and IVU in children with an infection showed 


only a small number (10%) of false negatives.” The 
age of the patients, however, was not given, and, as 
the risk of renal damage is much higher in young 
children.” this is important. We report a study 
comparing ultrasound examination and IVU in 100 
children, 59 of whom were under 5. 


Material and methods 


One hundred children, 71 girls and 29 boys, were 
investigated after a urinary tract infection. The 
diagnosis of infection was based on urine culture 
showing 10° or more organisms per ml. Eleven were 
aged under | year. 48 between 1 and 5, and 41 
over 5. 

The renal tract of each child was imaged with 
ultrasound and then immediately afterwards by an 
IVU. 

All ultrasound examinations were performed by 
one radiologist (DL) using the 5 MHz probes of the 
Hitachi EUB-25 linear array scanner and the ATL 
mark 300 sector scanner. The kidneys were assessed 
for congenital anomalies and for evidence of renal 
scarring. Dilatation of the distal ureters was looked 
for closely as this might suggest reflux. If possible 
the pelvis was scanned when the bladder was full. 
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After the ultrasound examination an [VU was 
performed using iopamidol (Niopam 300) in a dose 
of 2 ml/kg. The number of films taken at each 
examination varied and was kept to the minimum 
that showed the renal outlines clearly, an opacified 
pelvicalyceal system, and a reasonably full bladder. 
In addition to structural abnormalities of the renal 
tract and evidence of renal scarring, particularly 
close attention was paid to changes such as minor 
calyceal blunting and ureteric dilatation that might 
suggest vesicouretric reflux. : 

The result of the ultrasound examination was 
reported first, and then compared with the IVU. 


Results 


The Table presents the results separately for the - 


three age groups. Of the 11 babies aged under 1, 
eight (73%) had an abnormality on both ultrasound 
and IVU; the remaining three were normal on both 
examinations. Of the 48 children aged 1-5, 18 (38%) 
had an abnormality on [VU; but in seven this was 
not seen on ultrasound. In the 41 children over 5, 11 
(27%) had an abnormality on IVU, but in five this 
was not seen on ultrasound. Thus there were 12 false 
negative results in 100 children on ultrasound 
examination compared with IVU. One was a 6 year 
old girl with bilateral scarring who had had at least 
two infections. Doubtful unilateral scarring was 
found in a 3 year old girl whose IVU showed a 
slightly irregular lateral margin of the left kidney. 
The calyces were normal, and this may have been 
fetal lobulation. Thus only one potentially serious 
condition was missed on ultrasound examination of 
these children. A further seven cases of. scarring 
were detected on ultrasound examination, giving a 
false negative rate for renal scarring of 12%. There 
were no false positives on ultrasound examination. 


Table Abnormalities on IVU and ultrasound in 100 
children after a urinary infection ' 


Present on Present on Not seen on 
ivy ultrasound ultrasound 
Hydronephrosis: 
With obstruction 7 7 0 
Without obstruction 1 11 0 
Renal i 9 7 2 
Minor calyceal blunting 8 2 6 
Dilated ureter 4 1 3 
Cekculus . 3 3 0 
Malrotation, dysplasia, ; 
absent kidney 4 g 
Hemrvertebra g 1 
Total 37 25 12 {false 
negatives) 


Discussion 


Most abnormalities that were not detected on 
ultrasound examination were cases of minor calyceal 
blunting, the importance of which is unclear, or mild 
ureteric dilatation, which is probably of no clinical 
importance. Obstructive lesions, which are surgi- 
cally correctable, were reliably detected. Ultrasound 
examination detected seven out of eight definite 
cases of renal scarring, a false negative rate of 12%. 

On the basis of our results we feel that in children 
aged over 1 routine IVU, after a first urinary tract 
infection, with its possible risks and undoubted 
unpleasantness could be replaced by ultrasound 
examination. A plain x ray film of the abdomen 
should be performed as ultrasound does not always 
detect calculi or skeletal abnormalities. If the child 
has a further infection an IVU could then be 
performed. In this way renal scarring that will have 
been missed in a few cases initially will be detected. 
The renal damage caused by a single further 
infection in a child with scarred kidneys is probably 
small as most damage has occurred by the time the 
child first presents, and we think this is an 
acceptable price for saving 50% of children with a 
urinary tract infection from IVU. 

The kidneys of infants aged under 1 seem to be 
more vulnerable to scarring than older chiildren.® 
IVU often fails to show the renal outline, due to the 
lower glomerular filtration rate, and so scarring is 
difficult to detect. Ultrasound examination to detect 
obstructive lesions and micturating cystography to 
detect severe reflux, with the potential of intrarenal 
reflux and renal scarring, would be logical investiga- 
tions at this age. Any abnormality could be further 
defined by renal scintigraphy. 
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Suction biopsy in Hirschsprung’s disease 


M H J KURER, J O N LAWSON, AND H PAMBAKIAN 


şt Thomas’ Hospital, London 


SUMMARY Seventy two children with symptoms 
ind signs consistent with Hirschsprung’s disease had 
‘ull thickmess and suction rectal biopsies performed. 
Results were identical with both methods, except for 
yne case of total aganglionosis of the colon. Full 
thickness biopsy no longer has a place as a screening 
nethod. 


In the management of chronic constipation Hirs- 
chsorung s disease may be diagnosed on the basis of 
radiological investigation, anorectal manometry, 
anc rectal biopsy. Though x ray films and manomet- 
ric studies may be highly suggestive, the definitive 
diagnosis requires rectal biopsy.' ° 

The classical method cf rectal biopsy involves 
taking a full thickness of rectal mucosa and under- 
lying muscle, requiring general anaesthesia and 
sutaring of the biopsy wound. The possible com- 
plications necessitate inpatient management, and its 
morbidity precludes its use as a screening proce- 
dure. : 

The iatroduction of suction rectal biopsy of 
mucosa and submucosa represents a considerable 
advance.’ * Biopsy requires neither general anaes- 
thesia ner suturing, may be carried out even on 
outpatients, is suitable for all ages, and rarely leads 
to comp.ications. 

Several teams have reported false negative results 
when compared with full thickness biopsy.” We 
investigated over 2000 children with chronic con- 
stipation and suspected Hirschsprung’s disease and 
periormed suction biopsies on 400 of them. To 
assess the validity of the suction results we are 
revaewing all the cases (72) in which full thickness 
bicpsies were also carried out, either at a formal 
resection or at upper partial sphincterotomy. 


Patents and methods 


Suction biopsy specimens were taken from 72 
patients aged from a few weeks to 17 years. They 
were suspected of having Hirschsprung’s disease. 
Some biopsy specimens were taken without anaes- 
thesia and others under general anaesthesia just 
after manual evacuation, anorectal manometry, or 
ana! dilatation. Biopsy specimens were taken from 
the posterior wall of the rectum at intervals of 2, 3, 


4, and 5 cm from the anal verge with a Quinton 
multipurpose biopsy machine. 

These patients either came to formal bowel 
resection or, on failing to improve after repeated 
anal dilatations, received a therapeutic extended 
upper partial internal sphincterotomy, during which 
a full thickness biopsy specimen was taken from the 
edge of the wound before suturing the mucosa. 

All biopsies, full thickness or suction, were 
treated in the same manner. After orientation, they 
were frozen in Iso-pentane cooled in liquid nitrogen 
before 8 u sections were cut on a cryostat. Sections 
were stained with a modified Karnovsky-Roots 
technique? and also with routine haematoxylin and 
eosin stains. The tissues were then fixed in 10% 
formol saline, and serial sections of paraffin blocks 
were examined for the presence of ganglion cells. In 
some of the suction biopsy specimens in which 
enough submucosa was included ganglion cells could 
be seen in some of the sections. 

A diagnosis of Hirschsprung’s disease was made if 
larger than normal nerve fibres in increased num- 
bers were seen in the lamina propria and muscularis 
mucosae at suction biopsy. At full thickness biopsy 
not only were the nerve fibres in the lamina propria 
and the muscularis mucosae assessed, but the 
presence or otherwise of ganglion cells and the size 
of the nerve trunks in the submucosal and inter- 
myenteric plexuses were also assessed. All sections 
were examined by the same histopathologist without 
reference to previous biopsies. 

Results were correlated independently by another 
person, and no patients who had had both sorts of 
biopsy were excluded. 


Results 


Seventy two patients were analysed. Of these, 54 
showed normal nerve fibres on suction biopsy. In 
eight serial sectioning showed ganglion cells in the 
submucosa. Full thickness biopsy specimens showed 
normal nerve bundles and ganglion cells in the 
submucosal and myenteric plexuses. In 17 cases, 
cholinesterase staining showed an increased size and 
number of cholinergic nerve fibres both in the 
lamina propria and the muscularis mucosae at 
suction biopsy. In addition, full thickness biopsy 
specimens showed the typical hypertrophied nerve 
trunks of Hirschsprung’s disease in the submucosal 
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and intermyenteric plexuses. Serial sectioning failed 
to show any ganglion cells. The suction biopsy 
diagnosis of Hirschsprung’s disease was confirmed 
in every case at full thickness biopsy. 

In one further case, normal cholinergic nerve 
fibres in the lamina propria and muscularis mucosae 
were seen at suction biopsy and no ganglion cells 
could be identified in the small amount of submu- 
cosa present in the biopsy specimen. The clinical 
course, however, demanded further investigation. 
Serial sections of full thickness specimens sampling 
the whole colon, including the ileocaecal junction, 
failed to show any ganglion cells, but the nerve 
trunks in the submucosal and intermyenteric plex- 
uses were normal. A diagnosis of total aganglionosis 
of the colon (Zeulzer-Wilson syndrome) was made.® 


Discussion 


Suction rectal biopsy has been used as a screening 
method for patients with symptoms and signs 
suggestive of Hirschsprung’s disease in this depart- 
ment for six years. It has proved to be a more 
accurate screening: method than radiology and/or 
anorectal manometry. There were no false negative 
or false positive diagnoses in 17 cases of Hirs- 
chsprung’s disease, but full thickness biopsy was 
required to make the diagnosis of total aganglionosis 
in one case of non-Hirschsprung’s constipation. 
A review of the anorectal manometry on some of 
the patients shows the typical lack of reflex inhibi- 
tion seen in Hirschsprung’s disease but repeated 
suction and full thickness biopsies failed to show any 


Acquired toxoplasma encephalitis 


A J COTTRELL 
The Children’s Hospital, Sheffield 





SUMMARY Toxoplasma was the cause of encephalitis 
in a 4 year old boy. He recovered completely after 
treatment with pyrimethamine and sulphadimidine. 
Toxoplasma encephalitis has:a high mortality, and 
active treatment is recommended. 


In childhood encephalitis it is, ‘usual to discover a 
treatable cause. I report a case of encephalitis in 
which there was serological; evidence of a toxo- 
plasmic aetiology. 
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histological abnormality. These are a ‘physiological’ 
or ‘pseudo-’ Hirschsprung’s disease and respond 
well clinically to sphincterotomy. It is therefore 
essential that any patient suspected of having 
Hirschsprung’s disease on anorectal manometry be 
submitted to rectal biopsy to confirm the diagnosis. 
In the screening of patients with chronic constipa- 
tion for Hirschsprung’s disease, suction biopsy is as 
accurate as full thickness biopsy. It should be 
accompanied by anorectal manometry for more 
detailed analysis. Providing facilities for histo- 
chemistry are available, full thickness biopsy need 
have no further place as a screening method. 
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Case report 


A 4 year old boy was weil until October 1983 when 
he had a generalised convulsion. Three weeks later 
he began to have recurrent convulsions, which 
increased in frequency, and he became ataxic. On 
transfer to Sheffield in mid-December he seemed to 
be fully orientated, but had gross truncal ataxia, 
bilateral intention tremor, and dysarthria, although 
no nystagmus. There was no evidence of raised 
intracranial pressure, cranial nerve palsy, or limb 
weakness. He was receiving sodium valproate and 
phenytoin. 





Table Toseplasma serology results 
ENE EEE EEEE EEEN EEE EAEE 
Date Reciprocal titres 


Specific leM 





IS December {083 MK i024 DES a 

23 January [48d 1034 38 {Positive} 

13 April O84 256 
EE E Ne et 
THA = dacmagglutination antibody, 

TELISSA =Enzeme linked immunosorbent assay. 

FEIU sÆnzyme international units. 


There was no abnormality on computed tomogra- 
phy or examination of cerebrospinal fluid. An 
electroencephalogram in October had been normal, 
but a further electroencephalogram now showed 
disintegration of the background rhythm with gener- 
alised bursts of spike activity, suggestive of encepha- 
litis. Investigation revealed no evidence of a 
neurodegenerative disorder or metabolic abnormal- 
ity. Blood concentrations of anticonvulsants were 
below normal therapeutic ranges. The only positive 
finding on paired viral serology was a rise in 
adenovirus titre from 1/1) to 1/40. Toxoplasma 
serology was as shown in the Table. 

Before the first toxoplasma result and drug 
concentrations were known, it was suspected that he 
was suffering from drug toxicity. In view of his 
severe condition and frequent convulsions, there- 
fore, previous drugs were withdrawn and predniso- 
lone 40 mg/day and phenobarbitone were started, 
producing a dramatic reduction in convulsions and 
ataxia within three days. As the dose of predniso- 
lone was reduced, however, both convulsions and 
ataxia recurred. and the convulsions began to 
assume a myoclonic nature. For several days he was 
drowsy with almost continuous myoclonic jerking. 
On receipt of the initial toxoplasma serology result. 
treatment with pyrimethamine, sulphadimidine, and 
calcium felinate was begun. After two weeks of this 
treatment he began to improve and then rapidly 
retuened to normal, although some myoclonic 
sonvulsions continued until clonazepam was added. 

After sx months, anti-toxoplasma treatment and 
anticonvulsants were withdrawn, and he has re- 
nained well. Electroencephalograms after three and 
1 haif months’ and six months’ treatment showed 
wrogressive improvement, although some right sided 
oredominance remained. 


Jiscussion 


\cquired foxoplasmic encephalitis in childhood was 


Acquired toxoplasma encephalitis 85 


first reported in 1941.’ In recent years toxoplasmic 
encephalitis has become a recognised opportunistic 
complication of a variety of immune deficient 
states,” but of 45 published cases of acquired central 
nervous system (CNS) toxoplasmosis reviewed by 
Townsend ef al in 1975, 22 had no known pre- 
existing immune deficiency.’ 

The manifestations of CNS toxoplasmosis vary 
considerably, from non-specific encephalopathy or 
diffuse meningoencephalitis to features of space 
occupying lesions.” Cerebrospinal fluid pleocytosis 
is not invariable.* 

In this case the high initial toxoplasma latex titre 
with subsequent fall, the conversion of the specific 
IgM ELISA test during the illness, and the response 
to anti-toxoplasma treatment provide convincing 
evidence of an acute toxoplasma infection, which 
was probably the cause of the encephalitis. The rise 
in adenovirus titre was probably related to a minor 
intercurrent illness. 

The usual course of acquired toxoplasmosis with- 
out CNS involvement is spontaneous recovery, but 
published reports suggest that when the CNS is 
involved there is a high mortality.’ * We recom- 
mend, therefore, that evidence of toxoplasma infec- 
tion be sought in every case of unexplained encepha- 
litis, and that, when found, the condition should be 
treated actively with pyrimethamine and a sulphona- 
mide. Calcium folinate may be given simultaneously 
to prevent haematological side effects of pyrimetha- 
mine. Although steroids were given in this case 
before diagnosis, in toxoplasmosis they may be 
deleterious and should be avoided. There are no 
clear guidelines on duration of treatment, but it was 
decided to treat this boy for six months, as 
recommended by Luft er al.* and no adverse effects 
of treatment were observed. 


I thank Dr B L Priestley and Dr J M Davies for permission to 
report this case, which was under their care. 
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Immunoglobulin for neonatal aono: 
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SUMMARY An infant with an alloimmune agranulo- 
cytosis whose granulocyte count temporarily returned 
to normal during intravenous, high dosage immuno- 
globulin treatment is described. 


Agranulocytosis and profound neutropenia in the 
neonatal period is a serious condition associated 
with high mortality. Most patients develop fever 
associated with skin infections, pneumonia or sep- 
ticaemia, or both, within the first days of life. The 
infections are predominantly caused by Staphylococ- 
cus aureus, and less often by Escherichia coli or B 
haemolytic streptococci. Prophylaxis with anti- 
biotics has been recommended for these infants.! 
| 

l 

| 


WBC Neutrophils x 1091 


A boy with neonatal agranulocytosis was investi- 
gated. It was considered that the cause was probably 
an alloantibody on the boy’s neutrophils directed to 
parental antigen. Treatment with high dose in- 
travenous immunoglobulin temporarily restored his 
neutrophil count. 


Case report 


This boy was born at 39 weeks’ gestation and 
weighed 3-6 kg. He is the second child of healthy, 
unrelated parents. At age 3 days, a pemphigoid 
exanthema developed, and Staphylococcus aureus 
was cultured. Cloxacillin was given intravenously, 
and during the following days the lesions healed. 
Fever (39°C) was observed on day 10 and the boy 
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Figure Neutrophil.count and white blood count (WBC) during the first 50 days of life. 


Intravenous i immuno 


(IVG) was given for three consecutive days, Lowest border of normal range for neutrophils are: Cord blood 5-5 10°/); at 12 to 24 


globulin 
hours of age 10x10°f; at 72 hours of age 2-5x10°/, and from 1 month of age 1-5x10°A. 


O=neutrophis; @=WBC. 


was gain started on intravenous antibiotics s (ampi- 
cillin.and netilmicin). His white blood count on days 
7 anc 10 showed a progressive neutropenia (Figure) 
and" ka Seer maions over oe Homi cay: 


g A Dong marrow 
Sint ae normal cellularity and normal 
myelopoiesis. In vitro tests for cellular immunity 
gave normal values for T cells and B cells, and the 
Ilympaocytes responded normally to mitogens. IgG 
was 5-6 g/L IgA 0 g/l, and IgM 2-4 g/l at 3 weeks of 
age. Leucocytagglutinin§ tests were repeatedly 
positive. Further testing using serum from the child 
and the mother and white blood cells from the father 
showed that the mother had a cytotoxic antibody to 
HL/.-A24 bearing cells, an HLA antigen common 
for he fether and the elder sister, but not the 
patient. The serum of the mother and the infant also 
contained an antibody that reacted with the father’s 
aranulocytes. The antibody was not further definec 
regi arding its specificity for the granulocyte antigens 
NAI and NA2. Serum from the child did not 
iggbetinate the mothers granulocytes. Sub- 
zutaseous adrenalin increased the white blood count 
rom 7-1 10"/ to 22-3 10°”, but failed to liberate 
iny neutrophils. 


intravenous immunoglobulin 


3ecause of the possibility of further serious infec- 
ions, and after informed consent from the parents, 
t was decided to treat the child with high dase 
ntrevenous immunoglobulins. Gammonativ (Kabi- 
anes sweden), a native human immunoglobulin 
srepared according to the Cohn method and stabil- 
sed with an equal amount of human albumin, was 
uven according to the regimen proposed by Imbach 
or mmune thrombocytopenia (400 mg/kg for five 
‘consecutive days).~ For convenience, however, the 
ota dosage was given within three consecutive days 
nstead of five. In the next 11 days the granulocytes 
ose to 1-6 10"/| (Figure), later declining to values 
varying between 0-3 and 0-7 10"/I for the next eight 
veexs, without any further infectious episodes. 
koia the neutropenia gradually returned to 
\ormal aad remained well above 1x10°/1 from the 
atents loth week of life. 





Jiseussion 


Necaatal neutropenia is most commonly caused by 
equired bacterial or viral infections. Acquired 
leucropeanta is usually of short duration, however, 
ngis seldom profound. Agranulocytosis points to 
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other underlying diseases either of the haematopoetic 
stem cell or the granulocyte progenitor, or to 
diseases associated with an abnormal peripheral 
neutrophil destruction. Progenitor disease was ruled 
out by normal habitus, normal bone marrow smear, 
and normal specific immunology. Alloimmunity to 
paternally inherited granulocyte antigens was found 
to be the likely cause. It is a very rare but well 
defined cause of neonatal neutropenia,’ which 
should resolve in two to 17 weeks. Plasma exchange 
followed by infusion of maternal granulocytes has 
been sugg vested as treatment in cases of life threaten- 
ing infections. 

In immune thrombocytopenia Imbach and co- 
workers’ showed that it was possible to treat and 
obtain a cure with high dose intravenous immuno- 
globulin treatment. Many recent reports confirm 
their finding. and this mode of treatment has also 
been applied successfully to allommmune neonatal 
thrombocytopenia.” 

The response to intravenous immunoglobulin in 
immune thrombocytopenia is most favourable in the 
acute form of the disorder. In chronic disease the 
results parallel those in our case—a prompt rise but 
one which only lasts for two to three weeks. 

In this boy, immunoglobulin infusion resulted in a 
temporary return to normal of the granulocyte count 
over a time period corresponding to the expected 
half lite for IgG of three weeks. This agrees with a 
recent report on immunoglobulin treatment for an 
immune neutropenia in older children.* High dose 
immunoglobulin treatment seems to be a safe and 
easy method of curing, at least temporarily, immune 
neutropenia, and covering a critical period of high 
risk for serious infectious complications. It should 
bear substantially fewer complications than plasma 
exchange. Intravenous immunoglobulin treatment is 
not, however, indicated in other forms of neut- 
ropenia, and should not be given to a newborn or 
any other child who just happens to be neutropenic. 
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Personal practice 


Inhalation treatment for asthma 


J REISER AND J O WARNER 
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Department of Paediatrics, Brompton Hospital, London 


SUMMARY Inhaled medication has revolutionised the lives of many children with asthma. 
Despite this wẹ see many children for whom appropriate inhaled medication has been prescribed 
but whose symptoms continue to be poorly controlled. In our experience this is often due to 
poor technique or inappropriately prescribed devices and an inadequate understanding of 
when and how to use the treatment. The prescribing physician must have a clear idea of the 
optimal inhalation technique. We have reviewed the standard devices available and our use of 


them in the treatment of childhood asthma. 


Inhalation of potentially medicinal substances for 
chest problems has been advocated for hundreds of 
years, but it is only in this century that the practice 
has evolved into an established treatment for 
asthma. The principle of delivering a drug selec- 
tively to the target organ, to be effective rapidly, in 
small doses, and with consequent minimal side 
effects has been a pharmacological ideal which 
ostensibly is easily achieved when applied to the 
respiratory tract. The respiratory tract, however, 
has several mechanisms that protect it from the 
entry and deposition of particles. Aerodynamic 
filtration, reflexes such as cough and sneeze, and 
mucociliary clearance all contribute to the rapid 
elimination of inhaled soluble and particulate 
materials. 

How far particles penetrate into the respiratory 
tract is to some extent governed by their size. Those 
larger than 15 um in diameter are removed by the 
coarse filter of hairs at the nares while particles 
more than 10 um are deposited in the nose and 
nasopharynx where the total cross sectional diam- 
eter of the airway is small and consequently the air 
flow high. These large particles have enough inertia 
to cause impaction on airway walls when the air 
stream changes direction. Particles of 0-5 to 5 um 
chiefly deposit by sedimentation as a result of 
gravitational forces in areas of low flow. There is a 
rapid increase in cross sectional area of the airways 
beyond the 10th bronchial division and consequently 
a rapid fall in air flow. Particles of less than 0-1 ym 
are deposited mainly as a result of Browntan 
motion, but particles between 0-5 and 0-1 ym are 
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least effected by sedimentation or Brownian motion 
and only about 20% are retained in the lung, the rest 
being exhaled.? 

The site and degree of deposition of particles may 
be further affected by reflexes such as cough and 
bronchoconstriction and by disease in the lower 
respiratory tract.? * The optimum particle size for 
the deposition of drugs seems to be about 2 to 10 
um, but while it is generally felt that large doses 
uniformly distributed through central and peripheral 
airways is an ideal for all inhaled medications, this is 
not established by objective evaluation. It is possible 
that different medications may be optimally placed 
in different areas, that is bronchodilators centrally in 
muscled airways and steroids peripherally in smaller 
airways most affected by mucosal oedema. 

The method of production of aerosols and the 
mode of delivery influence the particle size pre- 
sented to the airways and thus the amount of drug 
carried to different parts of the respiratory tract.* In 
about 1856, an ‘atomiser’ was designed to deliver 
medication by inhalation and soon became similar to 
modern jet nebulisers.! There are currently three 
main systems in use: 

(1) Nebulisers; 

(2) Metered dose inhaler aerosols (with or with- 
out spacer devices); 

(3) Dry powder inhalers. 


(1) Nebulisers 


There are two varieties in clinical use, ultrasonic and 
jet nebulisers. 


Ultrasonic nebulisers (Fig. 1). These generate an 
aerosel by the high frequency oscillation of a 
piezo-electric crystal close to the respiratory solu- 
tion. This causes the fluid to break up into droplets 
that can be inhaled. The advantage of this type of 
nebuliser is that it is less noisy than jet nebulisers 
and wall deliver a large quantity of liquid over a 
prolorged time (as needed in humidification). Dis- 
advancages are that most are very expensive and 
require more care and maintenance than jet nebu- 
lisers. The only relatively cheap model requires the 
patient io breathe in actively to open a valve: this 
makes it unsuitable for children who may not 
generete enough force when unwell. 


Jet nedulisers. (Fig. 2). These are most commonly 
used clinically in this country being cheaper than 
ultrasame units. Many models are available but the 
mechanics are similar in all. A high velocity gas jet is 
blown through a fine hole, creating a negative 
pressure by the Venturi effect. This causes fluid to 
be drawn into the jet stream which is impacted on a 
baffle. breaking up the fluid into droplets. Large 
particles fall back into the reservoir while the 
smaller remain in suspension and may be inhaled. 
The energy for the jet may be generated from an air 
compressor or a cylinder of compressed air or 
oxygea. The many different nebuliser units have 
slightly different properties while the output of the 
nebulisers is influenced by the flow rate of the gas 
through them and the volume of liquid nebulised.> 
Althoagh this is important in standardisation during 
clinical trials and bronchial provocation tests. it is 
unlikely to be as important in clinical practice as 
long as the general instructions for the device are 





Therapeutic mist 






Oscillating Piezo 
electric crystal 


High frequency source 


Fig.) Ultrasonic nebuliser. 


Inhalation treatment for asthma 89 


Therapeutic 
Pressurised 


mist 


Jet 


Area of 
negative 
pressure 


Baffle 


i tate lll ipii e pe aed 





Solution 


Fig.2) Jet nebuliser. 


followed," but certain standards are recommended. 
A driving flow of more than 6 litres/minute and 
filling the chamber to 4 ml seems to be optimum to 
achieve output of particles less than 5 um, to release 
60 to 80% of the solution from the nebuliser, and to 
limit the time of nebulisation. Even with optimal use 
only about 12% of a nebulised solution is deposited 
in the lungs.’ The speed of nebulisation of the 
medication may influence compliance, five to 10 
minutes usually being acceptable. There is no 
information on whether faster nebulisation by more 
powerful machines is equally effective, provided an 
equal dose of drug is given. Several trials have shown 
an additional benefit of a second dose of bronchodila- 
tor some time after a first,” implying that a longer 
duration of administration may be better. The 
advantages of a nebuliser are that it needs little 
cooperation, requiring only tidal breathing. Some of 
the drugs can be mixed and taken simultaneously 
(for example salbutamo: and sodium cromoglycate). 
Furthermore, oxygen can be used to drive the 
nebuliser and this may be important in severe 
asthma to avoid hypoxia. The disadvantages are that 
it is bulky, requires power (either from a com- 
pressed gas cylinder or from a compressor), and is 
relatively expensive (£35 for a foot pump com- 
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pressor to £100 for a compact electric unit), 
although this is still very economical if its use 
prevents an admission to hospital. When issued for 
home use, regular maintenance must be organised. 
The cheaper foot pump compressor is slower in 
delivering the medication and needs attention and 
effort just when a parent is concerned with the child. 
A potentially serious disadvantage is the possibility 
that the use of nebulisers with bronchodilators at 
home may lead to delay in seeking appropriate 
medical help during severe exacerbations leading to 
an increase in mortality. A recent increase in asthma 
deaths in New Zealand has been attributed to this? 
and may be similar to the epidemic of deaths after 
the increased use of pressurised aerosols during the 
1960s. 


(2) Pressurised aerosols (Fig. 3) 


These have been used to deliver bronchodilators to 
the lungs for about 25 years, and more recently 
other drugs active against asthma and even non- 
respiratory drugs have been available by this method 
(for example glyceryl trinitrate, ergotamine).!° The 
active drug is suspended in approximately 10 ml of a 
fluorocarbon propellant at high pressure. When the 
aerosol is actuated, a metered amount of the fluid is 
ejected under pressure from a valve mechanism. 
The propellant safety has been investigated and 
confirmed in normal usage, although reservations 
exist when the aerosol is grossly misused.!! When 
the aerosol is actuated and the mixture of drug and 
propellant leaves the cannister, there is a rapid 
phase during which about 20% of the propellant 
evaporates. Further evaporation occurs at a much 
slower rate as heat is acquired from the atmosphere. 
The droplets consist of the drug surrounded by a 
coating of propellant. Immediately after actuation 
the particle diameter is about 43 um. This falls to 
14 pm at 10 cm from the cannister, and when the 
propellant has evaporated completely it is 2:8 to 
4-3 um, although this may;take several seconds. 
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Fig.3 Metered dose inhaler aerosol. 


The deposition of aerosols in the lungs has been 
investigated using radiolabelled teflon particles. 
With adults using a standard inhalation technique, 
80% of the spray was deposited in the mouth, 10% 
remained in the actuator, 1% was exhaled again, 
and 9% remained in the lungs.'* The importance of 
particle size on penetration to the small airways has 
been confirmed using terbutaline sulphate. The 
effectiveness of the aerosol is considerably influ- 
enced by the technique and coordination during use. 
Actuation during inspiration, a full slow inhalation, 
and breath holding for 10 seconds at the end of 
inspiration all improve lung deposition, and thus 
increase forced expiratory volume in one second 
(FEV)) rise if a bronchodilator is used. 

The aerosol has the great advantage of being 
portable but incorrect technique, with lack of 
coordination between actuation and inhalation re- 
sults in decreasing quantities of drug reaching the 
airways. Spacer devices have been developed to 
overcome these problems. 


Spacer devices. Spacer devices have several theor- 
etical advantages. The aerosol used alone causes 
much of the drug to be impacted on the posterior 
pharyngeal wall. The extension spacer allows slow- 
ing of the cloud of spray by air resistance and more 
time for propellant evaporation to occur. This 
presents smaller particles at a lower velocity with 
more potential for penetration into the peripheral 
airways. Studies using labelled Teflon particles have 
confirmed better deposition in the lungs,’* but the 
advantage of distribution to small airways remains 
unconfirmed. Several devices have been produced 
commercially, larger ones having the advantage of 
valves at the mouth end (for example Nebuhaler 
(Astra), ‘Volumatic (A&H), and Multi-spacer 
(Medic-Aid) (Fig. 4)), but the smaller ones are 
much more portable (for example Bricanyl and 
Pulmicort spacer inhalers (Astra) (Fig. 5)). The 
decreased need for coordination with valved devices 
is supported by a study in children showing im- 
proved response to terbutaline when using the 
spacer,” but the advantage of a spacer may be 
minimal when good technique with the aerosol 
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exists. During acute exacerbations, when technique 
deterorates and bronchoconstriction precludes a big 
inspiration and a 10 second breath hold, the advan- 
tage may be greater.'°* A simple device that has 
been used by some paediatricians has been a 
standard disposable plastic coffee cup with a hole in 
the bottom for the aerosol. This can be placed over 
the face of a young child and used as an extension 
tube, having the _advantage of being cheap and 
readi'v available.” Its value has been confirmed for 
broncnedilators, but not yet for cromoglycate or 
steroids. The large, reservoir, valved spacers may 
also be of value in these small children, if they can 
get their lips around the mouthpiece and generate 
enough flow with tidal breathing to move the valve, 
as no special manoeuvres or coordination are 
required. A breath actuated aerosol has been 
developed {Pulmadil auto (Riker)) but in general it 
remains umacceptable to children because of the 
noise and vibration accompanying actuation. 


(3) Dry pewder inhalers (Fig. 6) 


These consist of simple devices which either pierce 
or split a capsule containing the drug. The drug 
parti¢ies are mixed with a coarser carrier substance 
(generally lactose) and when the capsule is opened, 
inhalateon through the device creates turbulent flow 
or spans the capsule causing the aggregates of 
powGer to be broken up and ‘inhaled, This system 
may mot be as efficient as the aerosol, which means 
that some drugs must be administered in larger 
doses for an equivalent effect (for example cromo- 
glycate. 2 mg by aerosol and 20 mg by dry powder), 
but with others it may be as effective (for example 
salbutamo! and beclomethasone dipropionate). The 
advantage is that minimal coordination is required. 
Despxte this, a steady full inspiration through the 
device is needed to empty the 
be difficult when a child is unwell. 


capsule and this may 
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There are several groups of drugs useful in the 
treatment of asthma which are available by the 
inhaled route. 


Bronchodilators. Bronchodilators have been ad- 
ministered by inhaler for more than 50 years,' and 


because of their rapid and easily measured effects 
have been extensively investigated.” Initially, non- 
selective sympathomimetic agonists such as adrena- 
line and isoprenaline were used in aerosols as was 
aminophylline, a methylxanthine. Although effec- 
tive, they were associated with cardiac side effects 
which were initially blamed for the increase in 
asthma deaths during the mid-1960s. This put 
inhalation treatment under a ‘cloud’ from which it 
has not fully emerged. Despite evidence that other 
factors were implicated in the epidemic of deaths, 
there was a relation between excessive use of 
inhalers, although it was not necessarily causal. 
Today, there are several selective beta2-agonist 
sympathomimetics available for the treatment of 
asthma. Studies have shown that administration 
with intermittent positive pressure breathing has no 
advantage over nebulisation with tidal breathing. In 
normal subjects and stable asthmatics, the different 
inhalation methods of aerosol delivery are equiva- 
lent when identical doses of drug are administered." 

Exercise induced asthma is prevented to a greater 
extent by inhaled then oral medication. '® In severe 
acute asthma. supplementation with systemic sym- 
pathomimetics, and sometimes corticosteroids, may 
be required, although in some cases nebulised 
medication may be as effective as the same drug 
administered parenterally. Beta agonists given alone 
during an acute exacerbation of asthma may cause a 
fall in oxygen saturation due to vasodilatation, 
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perfusion/ventilation mismatch, and intrapulmonary 
shunting, although this is less likely with selective 
betaz-agonists and its clinical importance remains 
unclear.’” Beta agonists may have a poor effect in 
children less than 18 months old. 

The anticholinergic agent ipratropium bromide is 
also an effective bronchodilator, with few atropinic 
side effects in normal dosage. It is particularly useful 
in the toddlers when the effects of beta agonists may 
be limited. A few older children show a better 
response to it than to the sympathomimetics, and in 
some the two drugs have an additive effect. It is 
available in an aerosol and as a nebuliser solution, 
the latter now being made up with physiologic saline 
and not with water, the use of which may be 
associated with bronchoconstriction due to hypoto- 
nicity. The methylxanthines are also effective bron- 
chodilators. Although they have been administered 
by inhalation, the oral or intravenous routes are 
preferred because these drugs irritate the airways. 


Sodium cromoglycate. This is an effective prophylac- 
tic agent for asthma. Its mode of action is not 
completely understood but it is a potent mast cell 
stabiliser. This property may not be its only or even 
the most important effect, as other potent mast cell 
stabilisers, absorbed orally, have not been shown to 
be as effective i in asthma.“ Cromoglycate is poorly 
absorbed and is only effective by inhalation. It is 
available as nebuliser solution, powder aerosol, and 
an aerosol and the doses which give equivalent 
effects are 20 mg by: nebuliser or powder to 2 mg by 
aerosol. 


Corticosteroids. Corticosteroids are very effective 
for the treatment of asthma, but given systemically 
have many serious side effects. Potent topical 
corticosteroids, which are rapidly metabolised when 
absorbed, have revolutionised the lives of many 
moderate to severe asthmatics. They are as effective 
as systemic steroids in moderate doses without the 
severe systemic effects. In children, growth retarda- 
tion when using long term systemic corticosteroids is 
a particular problem that does not occur with 
standard doses of inhaled steroids, and as asthma 
itself can cause growth retardation, some may 
actually improve their growth rate when started on 
this therapy.” 

Oropharyngeal candidiasis i is an occasional com- 
plication of treatment. It may be related to impac- 
tion of the drug on the posterior pharyngeal wall and 
responds to conventional treatment. If it continues 
to be a problem it may improve with the use of a 
spacer device. Dysphonia, which occasionally occurs 
in adults, is rare in children. 

Several inhaled corticosteroids are marketed in 


t 
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this country, with little to chose between them. They 
are available as aerosols in low and high doses and 
one as a powder inhaler. Once cromoglycate has 
failed to control symptoms and inhaled steroids are 
begun, there is no value in continuing the cromogly- 
cate. High dose steroid aerosols may be advan- 
tageous in a few patients who respond poorly to 
conventional doses and require systemic steroids.” 
Recently, beclomethasone dipropionate has become 
available as a nebuliser suspension, but in our 
experience this mode of administration is not as 
effective as the others. The reasons for this remain 
to be delineated. 


Clinical usage 


The advantages of inhalation treatment are as great 
for children as for adults, but the problems of 
compliance are greater, particularly in the younger 
group. Our practice is as follows: 


Under 18 months of age. Inhalation therapy is 
usually only possible using a nebuliser, although an 
aerosol and cup spacer may occasionally be of use. 
In an acute episode of wheezing, beta agonists may 
not be as effective as they later become, perhaps due 
to immature beta receptors, but they are worth 
trying, to evaluate the effect. If they are not helpful, 
ipratropium bromide may give temporary relief of 
symptoms. For frequent symptoms, regular nebu- 
lised cromoglycate may be effective prophylaxis. . 
Unfortunately the equipment is bulky and expen- 
sive, and treatment is time consuming. For many 
children, oral medication may be more acceptable, 
and they should be given a treatment trial before 
resorting to nebulisers. 


From 18 months to 4 years. Beta 2 agonists become 
more effective at this age and some use may be 
made of the valved spacers, but in general, the 
nebuliser remains the mainstay of inhaled treat- 
ment. As soon as the child is able, a mouthpiece is 
preferable to a face mask to avoid deposition of drug 
on the face and eyes. Again, oral medication may be 
more useful in some patients. 


From 4 to 8 years. Children of this age can gain 
increasing skill in using the powder inhalers as 
minimal coordination is required. This reduces the 
time required for treatment and improves port- 
ability of equipment, as well as enabling the use of 
inhaled steroids for those resistant to cromoglycate 
prophylaxis. In some, the powder is thought to be 
unpleasant, and cromoglycate may cause transient 
cough (which may be alleviated by pretreatment with 
a bronchodilator). The valved spacers in conjunc- 


tion with the aerosol may have an advantage in some 
patiests who prefer this technique but the powder 
systems alow greater parental control of dosage as 
the capsules used can be counted—unlike the 
aerosoi which has 200 doses, the fates of which are 
more difficult to trace. 





From aboat 8 years of age. At this age children gain 
enough ccordination to use the aerosol effectively 
when tramed, allowing them the full range of 
treatment now available. A spacer attachment may 
help to deliver a bronchodilator in acute exacerba- 
tions but seems to have no advantage for main- 
tenance treatment in those able to use the aerosol 
efficiently. Again. in those who have difficulty in 
coordinating, the valved devices may be helpful. 

The tecrnique for the aerosol that we teach here 

is: 

(1) Shaxe the aerosol and remove cap: 

(2) Exhale to a comfortable point below func- 
tonal residual capacity; 

(3} Place the aerosol between the lips: 

(4) Take a full, steady breath in, to a point near 
total lung capacity and simultaneously actuate 
the aerosol; 

(5} Hold the breath in for a count of 10 (or as 
iong as possible). 

Beginaing of inhalation should precede actuation, 
and we try to coordinate the actuation early during 
inspiration, although, surprisingly, this is not as 
important as the slow, steady inhalation and subse- 
quent breath holding.* Holding the aerosol in front 
of an oper mouth does not seem to be an advantage. 

Commen faults in technique that we have encoun- 

tered are: 

(1) Actuation after completion of inhalation: 

(2) Actuation during expiration: 

(3) Actuation with tongue or teeth blocking the 
aerosol; 

(4) No inhalation (this may occur despite dra- 
matic movement of the head and shoulders): 

(5; Inhalation through the nose after actuation 
inte the mouth; 

(6) ‘Snatched’ or rapid inhalation: 

(7) Fature to hold breath after inhalation. 

These zre examples of some of the many errors 

that must be carefully sought and eliminated. The 
techmique is shghtly modified with powder inhalers. 
The long inhalation needs to be somewhat more 
powerful (perhaps to create enough turbulent air 
flow to break up the carrier/drug particles) but 
coordination is not required and breath holding may 
not be as important. The aim is to empty the 
ae . oe 7 one, or at most hi Oa: 


Inhalation treatment for asthma 93 


breaths through the device for each actuation, the 
number depending on the size of the child, with a 
breath hold at the end of inspiration. 

It must be emphasised that in our experience, the 
main cause of failure of inhalation treatment in 
children is inadequate technique with the device 
used or an inappropriate device for that age. A large 
proportion of children who attend our clinic have 
previously been prescribed suitable treatment and 
only require training in when and how to use it. It 
should be the responsibility of the doctor prescribing 
an inhalation device to teach its effective use and to 
check technique at subsequent visits. Although this 
responsibility may be delegated to another member 
of staff, a physiotherapist or a practice nurse who 
has learnt the techniques, the doctor must know the 
optimal use of the devices prescribed. Aids for 


- teaching technique, placebos and whistle attach- 


ments for powder inhalers may help individual 
patients but there is no substitute for correct tuition. 
Time spent on this pays dividends in improved 
control of symptoms.~> In our department the 
physiotherapists teach the technique and at the same 
time train the children in controlled breathing to aid 
relaxation during exacerbations. 

It is also important that the child or parents, or 
both, know what to do in case of failure of 
inhalation treatment. In acute exacerbations there 
may be a relative resistance to beta agonists, 
difficulty with inhalation technique, and a limitation 
of inspiratory, as well as expiratory flow.” so if poor 
response to the aerosol or powder system is encoun- 
tered, a nebuliser, with its relatively higher dose, 
and easier technique should be tried. This may 
require calling in the family doctor or visiting the 
casualty department. 

There has been an increase in asthma deaths in 
New Zealand over the past few years and it has been 
suggested that this is due to an abuse of nebulisers 
and bronchodilators available over the counter 
there.” The delay in seeking treatment when using 
these devices in severe exacerbations may be similar 
to that thought to have caused the epidemic of 
deaths associated with the excessive use of aerosols 
in the 1960s, and so great care must be taken when 
supplying inhalation devices for home use now. 
When patients have them at home they should have 
clear, written instructions on which drugs to use 
when, and exactly how to make up the solutions for 
use in the nebuliser. They must also know what to 
do should that treatment fail to give relief of 
symptoms and when to seek further help. Therefore 
our instructions for salbutamol or terbutaline are: 

(a) Careful assessment of the effect of treatment 
must be made. including, if possible, peak flow 
recording before and after treatment: 
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(b) Failure to improve means that further medi- 
cal help must be sought at once; 

(c) Improvement which is transient, with de- 
terioration to the previous state or worse within four 
hours or less needs similar review; 

(d) The nebuliser must not be used more fre- 
quently than four hourly; 

(e) If the child is very ill or deteriorating rapidly, 

help must be sought at once, as well as giving the 
bronchodilator. 
It is in these situations that further intervention such 
as systemic bronchodilator or steroid may be needed 
to prevent deaths,” so delay in seeking help must be 
avoided. 

Although we have confined this article to the use 
of inhalation treatment in asthma, it is used in other 
conditions, with other drugs. In cystic fibrosis, for 
example, as well as some use in asthma treatment, 
the inhaled route has been used for antibiotics and 
mucolytics. 

Future developments include the use of other 
drugs with potential activity in asthma such as: 
calcium antagonists, new antihistamines, new xan- 
thines and non-steroidal anti-inflammatory drugs, as 
well as possible further development of inhalation 
devices such as breath activated aerosols and mul- 
tiple dose dry powder inhalers to make them more 
acceptable to patients. 

Nearly 50 years ago, Collison (an English phys- 
ician) wrote, ‘Asthmatics speak of this treatment 
with enthusiasm compared with the usual forms of 
therapy . . . The inhalation of adrenaline will stop 
or avert the attack, and when it is supported by a 
carefully prescribed course of curative treatment the 
paroxysms diminish in frequency and the asthmatic 
habit becomes broken and the tendency to further 
attacks definitely reduced.’! If we change the words 
‘adrenaline’ to ‘selective beta 2 agonists’, and 
‘curative’ to ‘prophylactic’, the statement is right up 
to date. The words ’carefully prescribed’ may need 
underlining as they particularly apply to the training 
in the use of inhaler devices. 


We would like to thank the physiotherapists at the Brompton 
Hospital for their unfailing support and for the careful training of 
our patients. 
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Reversible inhibition of central 
precocious puberty with a long acting 
GnRH analogue 


Sir, 

We were interested to read the recent paper by Ward et af! 
abouw the effect of the GnRH analogue (6-D-Ser) 
GnRABuserelin) on gonadotrophin pulsatilitv. This 
report saises the question of analysis of pulsatile hormone 
secrecion, which has only recently come to the fore in 
paed atric practice. Because studies of this type will be 
incressmgly performed, we wish to draw attention to what 
can and, perhaps more importantly, what cannot be 
learred from different methods of sampling. 

It as apparent that the biological effect of both 
gonaiotrophins” and growth hormone? are related to the 
pulsetile pattern of their secretion and not to mean blood 
concen‘rattons. There is no consensus on the optimum 
methec to identify gonadotrophin pulses in serum.” 
althcagh tke method most commonly used ts to withdraw 
blood during a 5-10 second period and repeat this 
procedure at intervals. The sampling interval needs to be 
chosen to reflect the approximate frequency of the natural 
hormone pulsatility and the biological half life of the 
horraone. For both gonadotrophins and g growth hormone. 
the maximum time interval should not be greater than 
15-20) minutes. The more frequent the sampling interval, 
the more pulses are detected.” The method that Ward et al 
usec was to withdraw blood continuously over 15 minutes 
and to measure the gonadotrophin concentration in the 
pood sample. This method is not capable of revealing the 
frequency and amplitude of gonadotrophin pulses in serum 
suber very short (S minutes or less) sampling intervals are 





Farther ambiguity has been caused in Ward's study by 
the ase of sampling periods that varied between four and 
three quarters and five and three quarters hours. These are 
short compared with the known frequency of gonado- 
trophin pulses in puberty, which occur approximately 
every two hours.” A more appropriate sampling period 
would be longer than eight hours. 

Tre data presented by Ward et al provide information 
about mean serum gonadotrophin concentrations at night, 
but it is pulsatile gonadotrophin secretion that is the 
stimulus for gonadal maturation. As the authors have not 
assexsed gonadotrophin pulsatihty, their claims about 
reversibility of the effect of (6-D-Ser)GnRH could be 
premature. 
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R STANHOPE, 


Rectal examination and acute 


appendicitis 
Sir, 
The short report on ‘Rectal examination and acute 


appendicitis! records the findings of two paediatric 
surgeons but fails to make a useful contribution for other 
clinicians managing children with acute abdominal pain. | 
am concerned that paediatricians, who are often reticent 
about performing rectal examinations, will quote this study 
as a reason for omitting this part of the clinical examina- 
tion. The management of acute abdominal pain in children 
is not straightforward and ‘the man on the spor needs 


unequivocal guidelines rather than the contemplation of 


the fact that his colleagues can diagnose acute appendicitis 


in over 90% of cases without rectal examination, This 
report, which works back from the histology of the 


removed appendix to the clinical findings. is of no help to 
the surgeon at the bedside. 

The third conclusion that ‘the rectal examination is 
sometimes useful when the diagnosis is uncertain” is too 
vague for the trainee duty surgeon. The correct emphasis 
appears in the middle of the discussion where the rectal 
examination is described as ‘essential in those with acute 
abdominal symptoms. but with inconclusive or no abdo- 
minal signs’. This imperative should be given more 
prominence in the presentation and not omitted from the 
summary and conclusions. 

A careful history and a thorough examination of the 
patient are essential.” and the teaching of Hamilton Bailey 
is ignored at our patients’ peril. Perhaps your journal will 
publish a paper which makes a positive contribution to the 
management of the child with acute abdominal pain and 


thus encourages safe clinical standards for [00% of our 


patients rather than 90%. 
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Insufficient early weight gain in 
preterm babies and influence on weight 
at 12 months 


Sir, 

In an interesting though difficult paper Davies and 
Kennedy’ report that there was no influence of insufficient 
early weight gain in preterm babies on weight at 12 
months. 

I would like to comment on their introductory remarks 
that anxieties about poor early weight gain were ‘based 
largely and often uncritically on studies in laboratory 
animals’, citing a (wrongly dated) 19 year old paper by 
Winick and Noble that has now lost its currency,” a classic 
paper of Widdowson and McCance, and an old one of our 
own. 

. It is true that paediatricians’ extrapolations from other 
animals to man are often uncritical, to the point that they 
may be rejected altogether except where they seem to 
bolster emotional belief, and this example is no exception. 
At the same time such comparisons can be very useful and 
should not be dismissed until they have been properly 
made. At the.very least they must take account of the 
different time scales of growth between species, the 
different timing of birth in relation to developmental 
Stages, and, especially, comparable stages of growth must 
be compared before the self evident conclusion is pro- 
nounced that animals are ‘of course’ not always like man. 

In the present case growth restriction between birth and 
three weeks of age in the rat clearly results in a permanent 
resetting of the growth trajectory downwards, with ulti- 
mate stunting in adulthood, and in certain permanent 
alterations of brain anatomy and function. The comparable 
period in man is much longer, from about the beginning of 
the first trimester of gestation until about the second 
birthday. Whether or not man has a similar vulnerable 
period to that in rats awaits a demonstration of the long 
term consequences of growth restriction lasting for a major 
part at least of this very long period in hurnans, such 
restriction being to a comparable degree, so that by the age 
of 2 the child is not much more than half its ordained size, 
the outcome being assessed not earlier than the late teens. 
Of course, it is much easier to produce these conditions in 
experimental animals, but that is the whole point of using 
them. Children do exist, especially in underprivileged 
communities, whose early growth experience comes 
reasonably close to the model suggested by Widdowson 
and McCance in the rat, and there is reason-to believe that 
in them a critical extrapolation bears fruit, the people in 
such communities being generally stunted. That the reason 
for their smallness is by no means wholly genetic is evident 
from their children’s response to the arrival of better 
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environmental conditions, when they are seen to outstrip 
the growth attainments of their parents, often dramatically. 

I hope that the strictures of Davies and Kennedy about 
extrapolating from animals to man will be heeded, not 
least by themselves! 
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Professor Davies and Dr Kennedy comment: 


We are grateful to Professor Dobbing for his comments. 
These serve to strengthen even further our already heid 
conviction of the need to consider and analyse very 
carefully any extrapolations that might be made from 
animals to man in regard to effects of nutrition on early 
growth. We will be dutiful in applying these strictures to 
ourselves! 


Impact of neonatal care—South West 
Thames region (less than 1000 grams) 


Sir, 

Thompson and Khot! have reported on the Brighton 
(South East Thames) experience on the reduction of 
mortality with the introduction of respiratory support. Not 
only does local mortality improve but so do expectations, 
and this is not just confined to the centres providing full 
neonatal intensive care with respiratory support. In the 
next door South West Thames region intensive care began 
probably with the opening of a new unit at St George’s in 
1980. In the five years 1980-84 inclusive there has been a 
steady improvement in mortality figures both at St 
George’s and generally in the region. This has been 
accompanied by a regional increase in expectations. This is 
illustrated by the Table. 

In 1980, 53 infants delivered with a birthweight less than 
1000 g were resuscitated in the region, 13 (24%) at St 
George’s Hospital. Since then there has been a steady 
increase, so that in 1984 there were 72 infants of this weight 
resuscitated, 28 (39%) at St George’s. In 1980 only eight 
infants <1000 g in the region survived to go home, four 
(50%) from St George’s—that is, only 15% of those 
resuscitated. This had increased to 39 infants in 1984, of 
whom 18 (46%) were delivered at St George’s. Thus the 
overall regional survival for babies of this weight group has 
increased to 54%. Not only are more infants of this 
extremely low birthweight being resuscitated, but they are 


Table South West Thames: No (%) of babies of 
birthweight <1000 g resuscitated and surviving to go home 





1980 i381 1982 £083 [984 

Resusettated: 

St George's Hospital 13 1& 1s 27 28 

Rest of SW 

Thames region 40) 35 42 37 44 

Tota 53 3 pÜ end 72 
Survivieg to 

go home: 

St George's Hospital 4 31) IG (36) 9 (50) Te {59} JX (64) 


Rest of SW 


Thames Region 4 (19) iG (26) 17 (40) 11 CBO} I i48) 
Fotai 8 (15) 20 {35} 26 {43} 27 {42} 39 {54) 





being effectively resuscitated and generally around the 
regien are being managed so that they can go home. The 
greater expectations have implications for the provision of 
care. Intelligent anticipation by regional obstetricians with 
in utero referral is now commonplace, and baby units that 
are mot staffed to practise even short term care provide 
effective resuscitation, so that the percentage of infants 
dying before transfer to an intensive care unit has fallen 
from 40% in 1980 to 19% in 1984. 
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Food related asthma: a difference 
between two ethnic groups 


Sir, 
I read the article by N M Wilson! with interest. | was not 


surprised by the findings and feel I must express some 
reservation regarding its conclusions. 

As a severely atopic child growing up in South India | 
can remember well my parents’ admonitions relating to 
iced and lizzy drinks, fried foods, nuts, and chocolate. A 
deep sense of guilt, and a heavy wheeze, often accom- 
paned my return home from children’s parties. In the 
family inquest that usually ensued the atmosphere of dark 
suspicion and recrimination did little to alleviate broncho- 
spasm. A school mate suffering from recurrent cystitis had 
simaar food restrictions imposed (ice ‘brought a chill to the 
kidneys). 

Auto suggestion certainly played a major role in my 
reaction io foods. When, at the age of 21. I made the 
decision to remove milk and eggs from my diet a complete 
and permanent resolution of eczema resulted within 
weeks. Asthma that had been controlled for eight years 
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anly by the use of continuous systemic steroids regressed to 
four or five attacks a year. These are now triggered off by 
common antigen exposure—that ts, house dust, pollens, 
and heavy exercise. 

There are widespread food taboos on the subcontinent. 
The above mentioned foods are often incriminated in 
many relapsing auments—for example, diarrhoea and 
migraine. Conversely, foods considered beneficial, like 
mik and eggs, are rarely, if ever, considered for indict- 
ment. 

I therefore find it difficult to accept the conclusion that 
Asian asthmatic children have food sensitivities that are in 
any way excessive or peculiar. A control study of Asian 
children with non-asthmatic chronic disorders might be of 
value. It would also be interesting to know what propor- 
tion of the children studied derived from homes where first 
or second generation traditional influences still apply. 


CAMILLE DE San LAZARO 
Royal Victoria Infirmary, 
Newcastle upon Tyne NEI 4LP 


Dr Wilson comments: 


The implication of Dr de San Lazaro’s letter is that the 
ethnic difference found in the survey could merely be the 
spurious result of cultural taboo and that any experience of 
food related asthma in the Asian children was due to 
suggestion, She provides no evidence, however, that her 
symptoms as a child, after ingestion of certain incriminated 
foods, were in fact psychogenically determined rather than 
a genuine response to the ingested substances. In contrast, 
the clam that ice, fizzy drinks, and fried foods can 
precipitate asthma in Asian subjects was based on the 
results of controlled challenge tests. ° I think it highly 
unlikely that these positive responses were due to sugges- 
tion even when the tests were performed single blind. For 
example, ice but not placebo induced a significant increase 
in bronchial responsiveness that was greater at 90 than 30 
minutes after ingestion, without a change in resting lung 
function.’ Because of the way the tests were conducted the 
subjects were unaware whether a positive response had 
occurred or not. Suggestion can undoubtedly induce 
bronchoconstriction, but an increase in bronchial respon- 
siveness due to psychogenic factors has not been reported. 
Admittedly, one cannot be sure that every child giving a 
positive answer in the survey had experienced such an 
effect nor that all those with negative answers had not. 
However, positive histories were confirmed in almost all of 
the Asian children challenged with ice“ cola drinks.’ and 
fried foods.’ On the other hand, asthma in the older child 
due to milk or egg intolerance, in the experience of myself 
and others using diagnostic elimination diets, is uncom- 
mon. [t is not suggested that the incriminated substances 
are the cause of asthma in Asian children but rather that 
they act as an asthmogenic stimulus, as do exercise and 
smoke in asthmatics in general, 

A control study of Asian children with non-asthmatic 
chronic disorders might be interesting but irrelevant. The 
fact that other disorders such as cystitis may be erroneously 
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attributed to the same substances does not invalidate the 
asthmatic response that has been shown. 

All the children were born in this country, but cultural 
influences may still prevail. I maintain that this particular 
folklore is based on fact. 
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Problems facing women who seek a 


career in paediatrics 

Sir, 

As the pair of successfully chet job sharing doctors 
mentioned in Dr C Rees’s annotation’ we have encoun- 
tered many of the difficulties she lists. We would still like 
to emphasise, however, the popen side of the future for 
women in paediatrics. 

In September 1984 the proportion of female consultants 
in post was 17%; between 1978 and 1983, 20% of new 
consultants and senior registrars were women.? Around 
1968, when these new consultants finished medical school, 
the proportion of women graduating was 24%.? Women 
are, therefore, relatively well represented in paediatrics. 
We are certainly more fortunate than those in other acute 
specialties; for the same period, only 4% of new consul- 
tants and 7% of new senior registrars in general medicine 
were women, 

As the proportion of female graduates entering paediat- 
rics increases the requirements for part time work will rise. 
There are also men who would appreciate a period of part 
time work, either for writing up research or seeing more of 
their young families. Is it not time that the British 
Paediatric Association set up its own job share register? 
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V VAN SOMEREN AND L REES 


Guy's and' St Thomas’s Hospitals, 
l ; London SEI 9RT 


Dr Chambers, secretary of the British Paediatric Association, 


comments: | 


This is now being done: enquiries! to Dr Rosamond Jones, 
15 Fairfield Lane, Farnham Royal, Bucks. 


Risk and pertussis vaccine 

Sir, 

During the current epidemic of whooping cough many 
parents are reconsidering pertussis immunisation for their 
infants, and paediatricians are being asked about risks and 
benefits. The National Childhood Encephalopathy Study 
(NCES)'? conducted with the close cooperation of 
paediatricians in 1976-79 was designed to help answer 
their questions, and we are often asked about the 
interpretation of our results. 

The NCES was a case control study in children admitted 
to hospital with acute neurological problems, in which we 
compared the histories of immunisation shortly before 
onset in cases with similar histories in controls. The first 
report included only 1000 of 1182 children notified to the 
study,! though inclusion of the remaining children did not 
materially alter our findings.’ Our analysis included all 
children without regard to any alternative explanation 
apart from pertussis immunisation. This epidemiologically 
essential approach is not always understood and has led 
some to believe that the study shows the risks of pertussis 
vaccine to be greater than they are. It has also been 
suggested that our estimate of risk is too low due to bias in 
case reporting, but, as explained in our report, this is 
unlikely to have materially affected the results. 

We reported two types of risk estimate: 


(a) Relative risk. There was a small but significant excess 
risk of children having had DTP vaccine in the seven 
days before onset of a serious neurological disorder. 
Most of this excess was in the first 72 hours. 
Fortunately, most recovered quickly and were 
apparently normal when followed up at least a year 
later. No recognisable ‘post pertussis immunisation 
syndrome’ was found. 

(b) Attributable risk. The attributable risk of these events 
was about one in 140 000, but the central estimate of 
risk of death or permanent damage comes to around 
one in a third of a million doses of DTP vaccine in 
children who were assumed (but not proved) to have 
been previously fit neurologically. We stress that this 
figure must be interpreted with caution because the 
95% confidence limits are very wide and it assumes all 
relevant cases were notified. In fact it is based on only 
seven children found in a three year period. Of these 
seven, two died, one with Reye’s syndrome and one 
with an overwhelming viral infection. One child with 
major defects had Coxsackie B5 virus isolated from 
the CSF, which could have been the cause of illness. 
This leaves four children, only one of whom was 
severely handicapped when last seen, with no alterna- 
tive explanation for their illness. The real cause of the 
handicap in these children remains in question——was it 
a reaction to vaccine or did they have some other 
undiagnosed problem? It must be remembered that 
pertussis immunisation is given at the very age when 
children are most likely to manifest serious neurologi- 
cal disorders. In the circumstances it is clearly unwise 
to attribute a causal connection in individual cases. 

Our view remains, therefore, that the risk of death or 
brain damage attributable to pertussis vaccine, if tt occurs 


at all, is a very rare event and far less than the risk of death 
or damage due to whooping cough.’ 
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Inguinal hernias are common in 
E * o a 
preterm infants 


Sir. 

We read the paper by Boocock and Todd with great 
interest:' although the higher incidence of hernias in 
preterm children is generally accepted, accurate figures are 
difficult to obtain. 

The risk percentages stated in the above mentioned 
article, however, are based on retrospective analysis of 
cases, surgically treated during the first six months of life, 
and. therefore, might still be an underestimation, 

To clarity this issue we analysed the data on inguinal 
hernias that have been collected in the course of a 
nabomwice project in The Netherlands, concerning live- 
bora preterm (<32 weeks) and/or very low birthweight 


(<1500 g) infants.” The study included 1338 liveborn 
infants (mean gestational age 30-3 weeks. 1095 infants 


<190) g. 52% boys). Preliminary results show that of the 
978 surviving infants, 94 infants had inguinal hernias 
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Table Number of infants with inguinal hernia under the 
corrected age of 6 months 








Tot Surgically treated 

Unilateral: fs} 45 

Boys 42 3h 

Curis 19 4 
Bilateral: 33 28 

Bays 3] Wey 

Girls 2 3 
Teal O4 (7%) T3 (0%) 2) (3%) FR (55) G2 (9%) TE (2%) 
before the corrected age of 6 months: 73 (78%) of those 


have had a herniotomy during that period. In our material 
a predominance of boys was found as well, whereas 
unilateral hernias outnumbered bilateral ones both in the 
total number of hernias and in the surgically treated ones 
(Table). 

For calculation of the incidences, we used as a denomi- 
nator the total number of liveborn infants in a category and 
not the number of surviving infants. In agreement with 
Boocock and Todd the incidence is thus independent from 
the neonatal and postneonatal mortality. Otherwise. dif- 
ferences in mortality may cause considerable differences in 
incidence of later morbidity such as hernias, resulting in 
incomparability. 

In our study the high incidence of inguinal hernia in 
preterm and very low birthweight infants is confirmed, 
even H the cases that were not yet surgically treated are 
included, however, the incidence is clearly lower than in 
Boocock and Todd's study. 
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e Health and Social Needs of Physically 
ndicapped Young Adults: Are They 
ing Met by the Statutory Services? De- 
opmental Medicine and Child Neurol- 
y Supplement No 50. By A Thomas, 
Bax, K Coombes, E Goldson, D Smyth, 
Whitmore. Pp 20: £2-00 paperback. 
astics International/Blackwell Scientific, 
35. 


the foreword to this slimmest of 
oklets states, the handicapped child has 
‘at emotional appeal for fund raising; the 
ilt, even the young adult, does not. The 
ection of the young handicapped adult 
y be because ‘in some way they reveal to 
who we are’. However such rejection 
ses, its results are only too evident in a 
ge and complex advanced society such as 
it of the United Kingdom. This summary 
studies reveals these defects in provision 
h striking clarity and excellent docu- 
ntation. 
t concerns the services and resources 
uilable to physically handicapped young 
ple from the age of 16, when they leave 
: shelter of school and the comprehen- 
e care of paediatricians. As one would 
sect, much of the research quoted re- 
2d to numerically dominant groups, to 
ebral palsy, spina bifida, and muscular 
strophy. 
fhe majority of such young adults lost 
itact with health services and did not 
ow how to find the speech therapists, 
ysiotherapists, and others who were 
portant to them; there is much evidence 
it their needs were not being met. 
despread dispersal of these young 
opie presents a problem, not least in 
cumenting their use of and need for 
hopaedic intervention. 
The three main categories of difficulties 

à vis housing adaptations and the 
yvision and repair of aids and equipment 
l come as no surprise to those in the 
ld: no provision, poor assessment and 
ulting unsatisfactory provision—all were 
minent. | 
t seems that incontinence is often poorly 
lt with, insufficiently investigated, and 
scribed few aids. Dental health, too, 
>ds attention; sex counselling is a p 
need—it is often inadequate and largely 
ffective, and factual sexual knowledge 
y be poor. These young people also 
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have many other anxieties, related to 
marriage and the production of children, to 
employment, and to housing. 

This booklet is not just a catalogue of a 
sorry state of affairs. It is a valuable 
reference source that is well written and 
easy to read, but it also proposes some 
solutions to the young people’s lack of 
support, in particular the formation of a 
Handicapped Adult Team. Alternatively, 
in some situations a well placed and dyna- 
mic individual professional may achieve 
much. Whatever solution is found, this 
survey will probably provide much of the 
ammunition necessary to improve the lot of 
older children whose future already fills 


their paediatricians with alarm. 


ANNE CHAMBERLAIN 


Pediatric Thyroidology. (Pediatric and 
Adolescent Endocrinology). Edited by F 
Delange, D A Fisher, P Malraux. Pp 412: 
$117-25 hardback. S Karger AG, 1985. 


This is a multi-author volume, the 14th title 
in the series ‘Pediatric and Adolescent 
Endocrinology’ under the general edi- 
torship of Dr Zvi Laron. It contains 26 
chapters grouped into 13 sections, which 
cover most aspects of the development, 
function, and malfunction of the thyroid 
axis in the fetus, infant, and child. 

The ugly title and the dull brown cover 
(bearing one of those flow diagrams in 
which thyroid hormones scatter in all direc- 
tions) suggest that this is a down to earth 
work of science, and so indeed it proves. 
Each chapter is a concise topic review. 
Although few are a pleasure to read, most 
are thoroughly workmanlike and packed 
with well organised and well referenced 
facts that are admirably up to date. The 
chapters on development and function are 
of particular interest, reflecting the rapid 
recent advances in knowledge of these 
areas, but those on the clinical aspects of 
thyroid disease in childhood cover rather 
superficially much well trodden ground. 
The book is well produced but expensive. 

This is not a reference book on thyroid 
disease for the general paediatrician, but as 
a synopsis of current understanding of the 
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pathophysiology of thyroid disease in c 
hood it will prove extremely valuabl 


NICK BAI 


Practical Pediatric Therapy. Edited by 
Eichenwald, J Stréder. Pp 1169: DN 
hardback. VCH Publishers, 1985. 


The authors set out to compile a boo 
paediatric therapy ‘based on the kı 
ledge and experience of North Am: 
and Europe’. Each section is written jo 
by an American and German author, 
there are 97 contributors in all. De: 
this, the style throughout is uniform 
clear. The 35 chapters include neon: 
ogy, nutrition, behavioural disor: 


_ abuse and neglect, allergy, immunisati 


antimicrobials, infections, oncology, 
accidents and poisoning, as well as 
system disorders and surgical conditi 

There is usually a brief outline of 
aetiology and features of the disorder, 
the emphasis is on treatment. In gen: 
this is up to date and detailed. Ques! 
able practices are criticised. Dosages 
given in mg/kg or M°, but SI units are 
employed. 

I enjoyed the comprehensive neon: 
ogy chapter (64 pages) outlining inter 
and special care. There are omissi 
however—for instance, there is no mer 
of anaemia of prematurity or folate 
quirement. The account of the principl 
antimicrobial treatment is excellent, 
cluding data on the new penicillins 
cephalosporins. Sound guidance is give 
immunisations, including the current v 
on timing and contraindications. 
surgical chapters give a useful, | 
account of the management of com: 
disorders, and the orthopaedic sectio 
illustrated. 

In places, the effort to be comple 
comprehensive causes cluttering with si 
ments of the obvious. For instance, 
section on neonatal resuscitation states 
the resuscitation bag should not leak 
the operator should be familiar with 
equipment. Unfortunately, the inde 
muddled and often quotes the wrong | 
number. 


This fairly expensive book is packed with 
apseful information and would be good for 
reference in the side room and possibly for 
postgraduate students. 






C A S GALLOWAY 


Clinical Reviews in Pediatric Infectious 
Disease. Edited by J D Nelson, G H 
McCracken Jr. Po 315: £44-00 hardback. 
C V Mosby ‘Blackwell Scientific}, 1985. 


The editorial intention is to offer a bridge 
between the standard textbook and the 
journal litesa:ure with a collection of re- 
vised essays from the early issues of Pediat- 
ric Infectious Disease. There are informa- 
tive sections on the prevention of infection 
nd on infections in the compromised host, 
ith particular emphasis on the child with 
cancer, betere discussion of selected anti- 
microbial agents and selected diseases. The 





laboratory diagnestic aids to infection. 
The prophylactic use of both antibiotics 
and vaccines is discussed, with clear state- 
ments of the present state of knowledge 
and practical clinical advice, relevant to the 
general paediatricians as well as to the 
infectious disease specialist. A sense of 
proportion is maintained, with discussion 
ranging from the benefits of careful hand- 
washing to the possibilities of future ad- 
vance in the field of bacterial vaccines. 





The review of antimicrobial agents in- 
cludes a useful guide through the contusion 
of the third generation cephalosporins. 
a balanced comparison of the anti-pseudo- 
monas penicillins, and an excellent directive 
on how best to use chloramphenicol. 

Those articles reviewing selected dis- 
eases and conditions cover a wide and 
disparate range and will not be of interest 
to all. The treatment of problems such as 
urinary tract infection and diarrhoea vie for 
space with discussion of tularaemia and 
botulism in infancy. The closing review 
does not adequately explain the laboratory 
tests discussed. 

Important subjects are covered in 
greater depth than in the average textbook, 
and there is much informative reading. I 
doubt, however, if all the articles will 
achieve the editors’ aim of being a standard 
reference work for several years. 


5 P CONWAY 


latrogenic Disorders of the Fetus, Infant 
and Child. Vol 1. Radiology of latrogenic 
Disorders Series. Edited by E G Kassner. 
Pp 40l: DM440 hardback. Springer- 
Verlag, 1985. 


In a series under the title ‘Radiology of 
fatrogenic Disorders’ it says something for 
paediatrics that it has been necessary to 
present two volumes. This, the first 
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volume, covers complications of investiga 
tive procedures; diagnostic radiology 
angiography, and invasive neurodiagnostir 
studies, followed by iatrogenic disorders it 
the fetus, in the perinatal period, and o 
neonatal intensive care. Drugs, nutrition 
immunisations, and the treatment of child 
hood cancer complete the volume. 

The book is liberally illustrated. and the 
reproduction of radiographs is excellent 
Some sections have the same fascinatior 
that the annual reports of the medica 
defence societies have, but this is far more 
than just a catalogue of disasters. There is: 
detailed explanation of the radiographi 
features of every problem, which will be o 
special interest to radiologists. Each chap 
ter presents a detailed historical anc 
epidemiological review of conditions re 
quiring investigation and management 
Some horrifying examples are presentec 
that make one feel that it should be 
compulsory reading not only for paediatri- 
cians but for cardiologists and surgeons as 
well. Each chapter is concluded by a full 
reference list that is reason enough for 
every department to purchase a copy, 
though for this purpose if the references 
were compiled in alphabetical order they 
would be much easier to refer to. 

This is a most comprehensive description 
of paediatric iatrogenic disorders, but at 
over £100 it may be confined to library 
shelves to be referred to from time to time. 


ANDREW WILKINSON 
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Meetings in 1986 


Neonatal Society 

20 February, London 

Further details: Dr N R C Roberton, Addenbrooke’s 
Hospital, Hills Road, Cambridge CB2 2QQ 


4th International Child Neurology Congress of the 
International Child Neurology Association 

16-21 March, Israel 

Further details: Congress Secretariat—ICNA, P O 
Box 29313, Tel Aviv 61292, Jerusalem, Israel 


Paediatric Research Society ` 

21-22 March, Glasgow 

Further details: Dr G S Clayden, Department of 
Paediatrics, St Thomas’s Hospital, London SE1 
TEH 


British Society of Allergy and Clinical Immunology 


4 April, London 

Further details: Dr J O ENA Secretary, BSACI, 
Brompton Hospital, Fulham Road, London SW3 
6HP 


British Paediatric Association—58th Annual Meeting 
15-19 April, York 

Further details: British Paediatric Association, 23 
Queen Square, London WCIN 3AZ 


Neonatal Society/Swedish Neonatal Society (pro- 
visional) 

22-25 May, Gothenburg 

Further details: Dr N R C Roberton 


European Society for Paediatric Gastroenterology 
and Nutrition (ESPGAN) 

25-27 June, Edinburgh 

Further details: Professor A S'McNeish, Institute of 
Child Health, Francis Road, Birmingham B16 8ET 


Ist Scientific Meeting of the British Society for 
Paediatric Dermatology 

9 July, Sheffield | 

Further details: Dr J L Harper, Westminster Hospi- 
tal, Horseferry Road, London SW1 
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Sth International Congress of Developmental Dis- 
abilities 

18-19 July, Osaka, Japan 

Further details: Professor H Yabuuchi, Department 
of Paediatrics, Osaka University Medical School, 
Fukushima-ku, Osaka, Japan 553 


European Society for Paediatric Endocrinology— 
25th Annual Meeting 

31 August-3 September, Zurich, Switzerland 
Further details: Professor A  Aynsley-Green, 
Department of Child Health, Medical School, 
Framlington Place, Newcastle upon Tyne NE2 4HH 


European Society for Clinical- Respiratory 
Physiology/European Society of Pulmonology 

3-6 September, Paris 

Further details: Dr P Helms, Respiratory Unit, 
Hospital for Sick Children, Great Ormond Street, 
London WCIN 3JH 


European Society for Paediatric Research 

8-10 September, Groningen, The Netherlands 
Further details: Professor J Fernandez, Department 
of Paediatrics, University Hospital, Oostersingel 59, 
ML 9713 EZ Groningen, The Netherlands 


Paediatric Research Society 
19-20 September, Nottingham 
Further details: Dr G S Clayden 


British Association of Perinatal Paediatrics (jointly 
with Royal College of Obstetricians and Gynaecolo- 


gists) 

29-31 October, Leicester 

Further details: Dr N R C Roberton, Addenbrooke’s 
Hospital, Hills Road, Cambridge CB2 2QQ 


British Society of Allergy and Clinical Immunology 
31 October, London (London to be confirmed) 
Further details: Dr J O Warner 


Neonatal Society 
6 November, London 
Further details: Dr N R C Roberton 
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Instructions to authors 


Papers for publication should be sent to the Editors, 
Archives of Disease in Childhood, BMA House, 
Tavistock Square, London WCIH 9JR. 

Submission of a paper will be held to imply that it 
contains eriginal work not being offered elsewhere 
or published previously. 

Manuscripts should be prepared in accordance 
with the Vancouver style.! 

The ed:tors retain the right to shorten the article 
or make changes to conform with style and to 
improve ¢larity. 

For guidance on ethical aspects refer to the 
editerial in this journal.? 

Ail authors must sign the letter of submission. 


Original articles 


These should usually conform to the conventional 
structure ef summary, introduction, methods, results, 
discussion, and references. The title should occupy 
no more than two lines of the title page (8 to 10 
words) aad should not contain the words ‘child’, 
‘children’, or ‘childhood’ (already implicit in the title 
of the journal). The summary should be no longer 
than 150 words and should set out what was done 
and the main findings and their implications. 


Short reports 

Short papers, brief laboratory observations, and 
preliminary communications should be submitted 
for this section (single case reports will usually be 
considered in this form only). Length must not 
exceed two printed pages of text. In general this will 
be less than 900 words, including a summary of less 
than 50 words, one or two small tables or illustra- 
tions and up to 6 references. An abbreviated title of 
no more than 38 characters is required for the title 
page. A report of a negative result trial, based on a 
reasonab.e hypothesis, is more likely to gain accept- 
ance if submitted as a very short report of less than 
500 worcs. 


Annotations 


Annotations are commissioned by the editors who 
weleome suggestions for topics or authors. 


Letters 


Letvers should normally be no more than 300 words, 
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have no more than three references, and be signed 
by all authors. They should be prepared in a similar 
way to other manuscripts. Preference is given to 
those that take up points made in contributions 
published in the Archives but those that discuss 
current topics or present original observation may 
be acceptable. 


Manuscripts, tables, and illustrations 


Manuscripts should be typed double spaced on one 
side of the paper with a 5 cm margin at the top left 
hand side of the sheet. The pages must be numbered. 
Authors should keep one copy of their manuscript 
and submit two copies; if the paper is rejected it will 
not be returned unless this is requested at the time 
of submission. Three copies of revised versions of 
manuscripts should be submitted. The authors 
should include their family names and initials and 
the place where the work was done; their number 
should be kept to a minimum and should include 
only those who have made a contribution to the 
research: justification should be made for more than 
five authors. Acknowledgements should be limited 
to workers whose courtesy or assistance has extended 
beyond their paid work, and to supporting organisa- 
tions, The name and address of the corresponding 
author and whether or not reprints will be available, 
to be given at the end of the paper. 

Drugs should be given their approved, not pro- 
prietary names, and the source of any new or 
experimental preparations should be given. Abbrevi- 
ations should not be used. Scientific measurements 
should be given in SI units: conversion factors to 
traditional units should also be supplied. Blood 
pressure, however, should be expressed in mmH 
and haemoglobin in g/l. 

Any statistical method used should be detailed in 
the methods section of the paper and any not in 
common use should be either described in detail or 
supported by references. Previously published 
procedures and techniques need only a reference to 
the original. Tables and illustrations should be 
submitted separately from the text of the paper, and 
legends to illustrations should also be typed on a 
separate sheet. Tables should be simple and should 
not duplicate information in the text of the article, 
they should be numbered and be comprehensible to 
the reader without the text. 

Illustrations should be used only when data 
cannot be expressed clearly in any other way. When 
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graphs or histograms are submitted the numerical 
data on which they are based should be supplied. 
Line drawings should be in Indian ink on heavy 
white paper or card, with any labelling on a separate 
sheet, they may also be presented as photographic 
prints. Other illustrations should usually be prints— 
not negatives, transparencies, or x ray films; they 
should be no larger than 30 x 21 cm (A4) and be 
trimmed to remove all redundant areas; the top 
should be marked on the back. Staining techniques 
of photomicrographs should be stated. Either an 
internal scale marker. should be included on the 
photomicrograph or the final print magnification of 
the photograph itself should: be given. Again, any 
labelling should be on copies, not on the prints. 
Patients shown in photographs should have their 
identity concealed or should give their written 
consent to publication. If any tables or illustrations 
submitted have been published elsewhere written 
consent to republication should be obtained by the 
author from the copyright’ holder (usually the 
publisher) and the authors.’ 

Any article may be submitted to outside peer 
review and statistical assessment. This should take 
four weeks but may take up to six. Manuscripts are 
usually published within three to four months of the 
date of final acceptance of the article. 

Failure to adhere to any one of these instructions 
may result in delay in processing the manuscript and 
it may be returned to the authors for correction 
before being submitted to a referee. 


References 


Most articles do not require more than 20 references 
and many need substantially less. References should 
be numbered in the order in which they appear in 
the text. At the end of the article the full list of 
references should give the names and initials of all 
authors (unless there are more than six, when only 
the first three should be given, followed by et al). 
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The authors’ names are followed by the title of the 
article, the title of the journal abbreviated according 
to the style of Index Medicus (see the January issue 
of Index Medicus), the year of publication, the 
volume number; and the first and last page 
numbers. Titles of books should be followed by 
place of publication, publisher, and year. 


1 Barson AJ, Tasker M, Lieberman BA, Hil- 
lier VF. Impact of improved perinatal care on the 
causes of death. Arch Dis Child 1984;59: 
199-206. 

? Dowling S. Health for a change. London: Child 
Poverty Action Group, 1983. 


Information from manuscripts not yet accepted or 
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Please help them—and yourself——by applying 
today for a locum or a long term contract. 
Write with aC. V. and copies of your certificates 
to: 

JOHN BERNAL, 

asb RECRUITMENT, 

70-71 NEW BOND STREET, 

LONDON, WIY 9DE 


asb 
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STATISTICS IN 
PRACTICE 


STATISTICS AND ETHICS IN MEDICAL 
RESEARCH Douglas G Altman 


STATISTICS IN QUESTION Sheila M Gore 


No doctor can afford to ignore statistics: 
most modern medical research uses 
statistics. This important and authoritative 
book, which is a collection of articles 
that have appeared in the BMJ, provides 
clear information on designing studies, 


applying statistical techniques, and 
interpreting studies that use statistics. It 
can be easily understood by those with no 
statistical training and should be read by 
all those who want to keep abreast of 
new developments. 


Price: Inland £8.00; 
Overseas £11.00,USA $19.00 
{including air mail postage overseas) 


Order your copy now 

From: The Publisher, British Medica! Journal, 
BMA House, Tavistock Square, 

London WCIH 9JR 

or any leading bookseller 
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Human Insulin (crb) 


‘HUMULIN’S WCHUMULIN'EW CHUMULIN 2n¥ 
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A sterile suspension of crystalline human insulin 
(crb), 100 IU/ml. Uses: For the treatment of insulin- 
dependent diabetics. Dosage and Administration: The 
dosage should be determined by the physician, 
according to the requirements of the patient. Humulin 
S may be administered by subcutaneous, intramuscular 
or intravenous injection. Humulin land Humulin Zn 
should be administered by subcutaneous or 
intramuscular injection only. Humulin 5 may be 
administered in combination with Humulin | or 
Humulin Zn as required. Humulin | and Zn: Rotate vial 


into the syringe first, to prevent contamination of the 
vial by the longer-acting preparation. it is advisable to 
inject immediately after mixing. Contra-indications, 
Warnings, etc. Contra-indications: Hypoglycaemia. 
Under no circumstances should Humulin | or Humulin 
Zn be given intravenously. Precautions: Usage in 
pregnancy: Insulin requirements usually fall during the 
first trimester and increase during the second and third 
number of patients transferring from insulins of anima! 
origin may require a reduced dosage, especially if they 
are very tightly controlled and bordering on 
hypogiycaemia. The risk of hypogiycaemia can be 
considered minimal if the daily dosage is less than 40 
IU. insulin-resistant patients receiving more than 100 
IU daily should be referred to hospital for transfer. Side 


rena] 


Price: 

Humulin S: 100 IU/ml £6.44, 

Humulin l: 100 IU/ml £6.44. 

Humulin Zn: 100 1U/mi £6.44. 

Product Licence Numbers: 

HumulinS 100 IU/mi 0006/0165 

Humulini 100 1U/mi 0006/0168 

HumulinZn 100 1U/m! 0006/0179. 

Date of preparation: December 1983. Full Prescribing 
information Available From: Eli Lilly and Company 
Limited, Kingsclere Road, Basingstoke, Hampshire, 
RG21 2XA. Telephone: Basingstoke (0256) 473241 
‘HUMULIN’ isa trade mark. HU69 Dec '83 
l. Johnson 1.5., Diabetes Care 1982, Vol. 5, Suppl. 2, 
4-12. 2. Fineberg, S.E. et al, Diabetologia 1983, 25, 
(6) 465-469. 
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Taurine- 


For over 60 years, Wyeth has built a the sulphonic amino 9 d 

tation for developing infant formulae that is abundant in breast milk' and may 
esent the very best that knowledge and have a role in bile functions? and the developing 
nology will allow. central nervous system} retina* and 
Nevertheless, work has continued towards myocardium , 
a fuller understanding of the differences Breast milk should be the natural standard 
reen infant formulae and breast milk, and for all infant formulae. For this reason, taurine is 
acation of the possible metabolic significance now included in all Wyeth ready-to-feed and 

2 differences may have in the newborn. powder formulae to ensure continuity of good 
Research pioneered by Wyeth shows that nutnition for bottle-fed babies throughout infancy. 
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Haemophilia, blood transfusion, and the AIDS virus 


After the near hysterical publicity given to 
haemophiliacs who have antibodies to the acquired 
immune deficiency syndrome (AIDS) virus, anyone 
might be forgiven for supposing that childhood 
exposure to human T cell lymphotropic virus (lym- 
phacenopathy associated virus) (HTLV HI (LAV)) 
is confined to patients receiving blood or blood 
products. This is of course not so, and in the United 
States the great majority of seropositive children 
have e acquired the virus from their infected mothers 
durimg the perinatal period.' As the AIDS experi- 
ence of the United Kingdom seems to be following 
that of the United States with about a three year 
time lag, the same may be true here by 1987. 
The reason that haemophiliacs have so far occu- 
pied centre stage is twofold—they were the first 
group of UK children to be exposed to HTLV HI by 
way of imported factor VHH concentrate, and they 
form a small, well defined population that happened 
already to be under close medical surveillance. By 
fortuitously becoming an ideal pilot group for study, 
they have also unfortunately become the focus for a 
great deal of publicity and inflated debate involving 
moral, ethical, and even philosophical issues, which 
have rather tended to obscure the size and actual 
nature of the medical problems involved. There is ¢ 
touch of irony about this in that the fuss ts reaching a 
climax at a time when the incidence (as opposed to 
the prevalence) of transiusion aS n VHI 


blood products are now nearly all pr ocessed i in some 

vay to remove or inactivate the virus, and blood 
donations in the UK are being tested for ant! HTLV 
HI before being issued. Nonetheless, before such 
precautions were introduced, boys with haemophilia 
did become infected, and this annotation is an 
attempt to reflect on how many there are and the 
problems they present both to themselves and their 
contacts. In addition, there may be a tiny number of 
UK children infected by blood products given for 
reasons other than haemophilia or allied disorders. 
What follows is equally relevant to them. 
The prevalence of transfusion transmitted HTLV HI 
infection 


According to the Haemophilia Centre Directors’ 
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annual returns, it seems that there are presently 
around 900 boys aged under 15 in the UK with 
classical haemophilia. The proportion of them who 
have antibodies to HTLV IH is not known for 
certain, but on data currently available the total is 
tentatively estimated to be around 170 (19%). Such 
an overall figure has to be immediately qualified, 
however, as it is influenced by three important 
factors. Firstly, it varies considerably in different 
parts of the country according to the type of factor 
VHI replacement therapy given. The highest 
numbers are being seen where large pool factor VIII 
concentrate from several sources has been used and 
the lowest where only cryoprecipitate from single 
donors or concentrate made by the UK transfusion 
service has been given. Secondly, it varies according 
to age, with those aged under 5 showing a lower 
seroconversion rate than the 10-14 year olds. 
Thirdly, it varies with disease severity, with those 
most severely affected having a higher seroconversion 
rate than the more mildly afflicted patients. All 
three factors may merely relate to the amount of 
antigenic exposure experienced. 

The figure also has to be qualified by saying that 
the final total will probably be higher, partly 
because the estimate is an extrapolation from 
incomplete data, and partly because, although virus 
transmission by transfusion had more or less ceased 
by the time the survey was done on which it is based, 
not all exposed individuals would have necessarily 
seroconverted by then. Under experimental condi- 
tions the time from exposure to seroconversion in 
chimpanzees is thought to be around 10— 12 weeks,” 
but humans, receiving a smaller inoculum, may well 
take longer. 

For the 200 British boys with Christmas disease 
the seroconversion rate so far seems to be much 
lower—less than 2%. The main reason for this is 
presumably that little imported factor [IX concen- 
trate has been used in such patients, who have 
mostly only received material from UK volunteer 
donors. 





The consequences of transfusion transmitted HTLV 
IH infection 


The proportion of individuals exposed to HTLV HI 
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who will never show any overt symptoms of infec- 
tion is not yet clear, but in haemophiliacs it seems to 
be large. over 80% , with positive serology being the 
only legacy of exposure long past the median 
incubation period of AIDS? As antibodies to 
HTLV HI are non-neutralising, long term virus 
carriage is also assumed to occur in such patients, so 
for the present they are regarded as potentially 
infective. 

For the less fortunate few a number of other 
unpleasant sequelae might arise, and several syn- 
dromes other than frank AIDS follow HTLV IH 
infection. Some are acute, occur shortly after 
exposure, and include a glandular fever like syn- 
drome and an encephalitis, but more commonly 
HTLV HI associated disease is chronic, producing 
lymphadenopathy, weight loss, night sweats, and 
thrombocytopenia, forming, with associated lym- 
phocyte abnormalities, the so called AIDS related 
complex (ARC). Up to the autumn of 1985 no UK 
children with haemophilia were reported to have 
developed frank AIDS, though a few had developed 
other HTLV HI associated disease, and based on 
adult experience it is probable that some will, in 
time, develop opportunistic infections. 


The risks associated with HTLV HI infected children 


The risks associated with HTLV HI infection can be 
considered in two categories: those encountered by 
the infected child and those experienced by his 
contacts. 

Risks to the infected child centre around potential 
immunodeficiency and susceptibility to opportunis- 
tic or overwhelming infection. There may be a case 
for passive immunisation after exposure to chicken- 
pox or measles, and live vaccines should also be 
avoided, but the benefits of attending school far 
outweigh the risks, and no seropositive children 
should be kept at home for their own protection. 

As for risks to contacts, it is here that a sense of 
perspective 1s hardest to achieve. Based on present 
evidence the risks of casual transmission of HTLV 
IH by young children to playmates at school or at 
home seems to be negligible. At the time of writing 
not a single documented case of HTLV HI infection 
had apparently been acquired in such a way, either 
in the UK or the USA. Similarly, several studies on 
families with HTLV HI seropositive members had 
all failed to show virus transmission between mem- 
bers unequivocally arising outside the context of 
sexual or perinatal transmission.“ 

Given such low risks, do any precautions need to 
be taken with the child who is positive for HTLV 
I? This question is often asked by teachers, family 


members, nurses, health visitors. and social 
workers, not to mention community paediatricians, 
school medical officers, general practitioners, and 
dentists. It is tempting to say no, but it is hard to 
give an unequivocal answer. As HTLV II is present 
in blood, saliva, and tears, it could be argued that 
anybody exposed to such substances from an in- 
fected boy is theoretically at risk. Government 
guidelines are somewhat confusing because those 
given to hospitals and laboratories handling samples 
from HTLV HI positive patients suggest the use of 
gloves, gowns, and eye protection, whereas those 
given to seropositive individuals at home inconsis- 
tently recommend only that toothbrushes or other 
implements that could become contaminated with 
blood should not be shared and that accidents 
involving blood spillage should simply be cleaned 
with household bleach.” 

Where does common sense end and panic begin? 
it must be stressed again that HTLV HI is only 
known to be transmitted sexually, perinatally, or by 
direct inoculation. H is because of the latter risk that 
hospital personnel are advised to take such elab- 
orate precautions, though many experts privately 
admit that provided good medical techniques are 
practiced on all patients the HTLV III carrier poses 
no special threat. 

On balance it seems that all that is required on the 
domestic and social front is attention to good 
hygiene, and certainly no attempt to isolate sero- 
positive children is justified. If so, another difficult 
question arises—who needs to know that a given 
boy is seropositive? Again the answer is not simple, 
partly because of the circumstances pertaining to 
adult non-haemophilic seropositive individuals. 
where confidentiality has to be maintained under 
the 1974 National Health Service Venereal Disease 
Regulations, and partly because of the lay public 
response to the discovery that boys are seropositive, 
which tends to make them latter day lepers. 

To avoid unnecessary distress, at present most 
haemophilia centre directors confide information 
about the HTLV HI state of their patients to others 
strictly on a ‘need to know’ basis, tailoring the 
dissemination of information to the individual 
patient. This would usually (though not always) 
include the general practitioner and usually (though 
not always) exclude the headmaster. It would invari- 
ably include the parents, together with a lengthy 
explanation of what the finding means, what it does 
not mean, and who in turn should be told by them if 
the need arises, such as dentists or staff at 
haemophilia centres other than the patients own. 
Older boys would need to be told themselves, 
particularly if the question of sexual activity is 
relevant. For them the risk of disease transmission 
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is real and detailed advice on sexual behaviour ts 
required, 
Conclusion 


In such an emotionally charged area it is probably 
helpful to hang on to facts rather than feelings, and 
summarise by emphasising the following points. 
First, only a small number of children in the UK 
have evidence of transfusion transmitted HTLV HI, 
nearly all older, and nearly all severely affected 
haemophiliacs. Secondly, it seems only a small 
proportion (as yet unknown) of these infected 
children will develop frank immune deficiency, and 
even if they do they will simply become more of a 
risk to themselves, not others. Thirdly, although the 
virus is known to be present in blood, semen, saliva, 
and tears, disease transmission has not yet been 
reliably documented from saliva or tears, or from 
domestic or social contact. Finally, the incidence (as 
oppesed to the prevalence) of transfusion trans- 
mitted HTLV HI infection should now be nil. H the 
American experience is anything to go by. peri- 





natally transmitted disease will command the 
paediatrician’s attention next. 
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Open or closed incubators 


Definitions 


According to the Oxford English Dictionary, to 
‘incubate’ means ‘to sit upon the eggs in order to 
hatch them’. In this wide sense a neonatal unit might 
be viewed as an incubator for preterm infants. The 
question ‘to whom is it open and to whom is it 
closed?’ is important, though perhaps aot what the 
editors had in mind for this annotation. The relevant 
Oxford English Dictionary definition of ‘incubator’ 
is ‘an apparatus for rearing children born pre- 
maturely’. We might infer from both definitions that 
a protected, warm, controlled environment is neces- 
sary to rear young until they are ready for indepen- 
dence, though neither mentions specifically either 
temperature or heater. 


Why incubate? 


All babies have to produce heat as a byproduct of 
metabolic activities, and if body temperature was 
our only concern we could maintain this by insula- 
tion with clothing and bedding, without strict 
control of environmental temperature. In our 
anxiety to give adequate observation and attention 
to sick, premature infants we may choose to nurse 
them naked on open surfaces. If body temperature 
is to be maintained without extra metabolic demand 
we must provide the infant with the controlled 
‘personal climate’ of a heated incubator, Those who 
are concerned with improving neonatal care know 
instinctively that the open surfaces, bright lights, 
and noise are unnatural, and vet babies survive. 
Indeed, we take comfort in the improving survival 
rates. From this it would seem only fair to conclude 
that current incubating systems satisfactorily per- 
form their basic task, at least for most infants. 


Apparatus 


Two types of incubator are in common use, differing 
largely in the way they control heat exchange. In the 
‘closed’ incubator, warm air is blown through a 
canopy around the baby. with the temperature of 
the air controlled either directly by the user or 
indirectly by servocontrol of the baby’s skin tem- 
perature. In the ‘open’ incubator, or radiant warmer, 
the baby is placed on an open surface with a radiant 
heat element fixed horizontally above, and the 
heater output is servocontrolled from skin tempera- 
ture. The inner walls of the closed incubator are 


usually a few degrees cooler than the warmed air. 
thus the baby loses most heat by radiation to the 
walls, with low convective losses. By contrast, 
convective losses are very high under the radiant 
warmer because the surrounding air is virtually at 
room temperature. Radiant heat is gained by skin 
surfaces that face the heat element and lost by other 
surfaces, giving a net radiant gain. 


Preterm infant 


For infants born at 28 weeks’ gestation or more, 
both systems are undoubtedly capable of providing 
adequate and equivalent physical environments, in 
terms of environmental temperature and net heat 
exchange. However. the ‘personal climates’ are 
clearly different. and they are not judged as equiva- 
lent by babies. There are many reports of signifi- 
cantly increased insensible water loss under radiant 
warmers.™* Studies have also shown that small 
babies have a slightly’ ° or significantly’ 7 higher 
rate of metabolic heat production under an open 
warmer than in a closed incubator. However. babies 
showed no difference in metabolic rate between a 
conventional closed incubator and one with a heated 
canopy.” It seems, therefore, that some feature of 
the open warmer system, but not radiant heat itself. 
increases metabolism—even though the baby can 
‘demand’ heat through the servocontrol system. Our 
suggestion is that the pronounced fluctuations of the 
incident radiation” and the spatial asymmetry 
under the open warmer are uncomfortable. Adults 
dislike pronounced asymmetry, and we have no 
reason fo assume that babies differ. 

We do not know whether the differences in water 
loss and metabolic rate are clinically (as opposed to 
statistically) significant, but if we work on the 
assumption that minimal water loss and energy cost 
are desirable then the closed incubator performs its 
primary task better than the open warmer. 

Our practice is to nurse premature babies in 
closed incubators without servocontrol. Whenever 
possible they have the thermal and social benefit of 
at least some clothing—bonnets. ‘preterm’ jump- 
suits, dresses, and smocks. Clothing can confuse the 
Operation of a servocontrol system if this has been 
designed correctly for a naked baby. 


Very preterm infant 


The above applies to infants with water tight skins. 
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Infants under 28 weeks’ gestation have leaky skins in 
the first few weeks of life and as a consequence have 
high evaporative water and heat losses. These are 
the infants for whom control of the personal climate 
is most crucial, but their vulnerability makes de- 
tailed experimental study impossible. 

Neither closed incubator nor open warmer pro- 
vides an acceptable environment when used in the 
conventional way. The former fails to keep the 
infant warm, because ‘safety’ standards prohibit air 
temperatures that are sufficiently high. The latter 
increases the already serious water loss.” 

Currently, we nurse such infants in a high 
humidity for the first week or so of life to reduce 
evaporative water loss and clothe them wherever it 
is possible with bonnets, smocks, nappies. bootees, 
ete. 


Personal space 


Concern about the inadequacy of current incubators 
has ied to modifications, canopies within canopies, 
high humidity, plastic sheets, and clothing within 
closec incubators; and shields, plastic sheets, and 
heated nursing surfaces under open warmers.” }* All 
alter the thermal environment and may introduce 
their own hazards; most make the system more 
‘closed’ with respect to access to the baby. 

The time has come for a radical redesign of 
incubators, not just “Do it yourself’ modifications, 
but this has to be thought out in the context of 
redesigned neonatal units. We must stop the ‘per- 
sonal climate’ from dictating the design of the 
‘personal space . 

The requirements of the ideal ‘personal space’ for 
a preterm infant are challenging and conflicting. The 
surrounding gases should be under sensitive and 
rapid control with respect to oxvgen content, 
humicity, and temperature, and the temperature of 
all surrounding surfaces should be controlled. Light 
and noise levels should be measured, excesses 
avoided, and possibly background levels cycled. The 
infants need support but minimal handling, protec- 
tion but easy access. For some activities (nursing, 
medical, and social) the space needs to be ‘open’, 


Open or closed incubators 109 


for others it should be ‘closed’. This may well 
involve adjustable heated canopies. 

The whole should be a great deal more sympath- 
etic to infants, parents, and nursing staff than It is at 
present. We must use our technical skills to make 
our neonatal nurseries more effective, but also more 
homely. 
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When are we diagnosing growth hormone deficiency? 


S M HERBER AND R D G MILNER 


Department of Paediatrics, University of Sheffield 


SUMMARY The height and age at presentation of 458 children beginning treatment with growth 
hormone between January 1980 and June 1984 were retrospectively analysed. Three hundred and 
nine children with isolated growth hormone deficiency had a mean (SD) age of 10 (4-1) years on 
beginning treatment and a mean (SD) height standard deviation score (SDS) of —3-73 (0-93). 
One hundred and nine patients with hypothalamopituitary tumours began treatment with growth 
hormone on average 3-3 years after diagnosis of the tumour and at a mean (SD) height SDS of 
2-42 (1-49). In both of these categories the height SDS showed a considerable improvement 
compared with previous reports. Forty two patients with growth hormone deficiency secondary 
to cranial irradiation started treatment with growth hormone on average 6-1 years after treatment 
for their tumours and had a height SDS of —2-45 (1-02) compared with that of —2-45 (0-98) seen 
in nine similar patients from the United Kingdom starting treatment with growth hormone 
between 1975 and 1978. Although closer surveillance of short children in the community is 
leading to earlier diagnosis of growth hormone deficiency, this could possibly be diagnosed 
earlier if routine screening of height was to be carried out at school entry. In addition, patients 
who have received cranial irradiation should be regularly measured and investigated when their 
height velocity becomes subnormal. 


The success of growth hormone in treating short 
stature in cases of growth hormone deficiency is well 
documented.' Although growth hormone is currently 
only available for selected cases, this is likely to be a 
temporary state of affairs, and it is therefore 
important that the possibility of growth hormone 
deficiency is borne in mind by physicians dealing 
with children. As it is generally believed that the 
earlier replacement therapy is begun in such patients 
the better the prognosis for final stature,” a retro- 
spective analysis was made of the heights and ages of 
children recently accepted for treatment with 
growth hormone in the United Kingdom. 


Methods 


The patients studied were those successfully submit- 
ted by 18 of the 19 regional growth centres for 
treatment with growth hormone to the Health 
Services Human Growth Hormone Committee from 
January 1980 to June 1984. Criteria for acceptance 
were usually a subnormal height velocity coupled 
with biochemical evidence of defective secretion of 
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growth hormone in response to certain pharmacolo- 
gical stimuli and exclusion of other causes of these 
phenomena such as hypothyroidism. The patients 
were subdivided according to whether they suffered 
from idiopathic isolated growth hormone deficiency 
or a tumour involving the hypothalamopituitary 
tract or had developed an endocrinopathy as a result 
of cranial irradiation for other malignant disease. 
Patients with idiopathic multiple pituitary hormone 
deficiencies were not studied as they included a 
number of very young children with congenital 
hypopituitarism. The heights of patients at submis- 
sion were expressed as standard deviation scores 
(SDS) from the mean, calculated as follows: 


am 


SDS= 





SD 
where x is the patient’s height and x and SD the 
population mean height and standard deviation, 
respectively, at that age. The population standards 
used were those of Tanner and Whitehouse.’ 
Patients were also subdivided according to year of 
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submission to assess whether a trend existed toward 
earier diagnosis. Statistical analysis was by unpaired 
t test and linear regression. 


Results 


Isolated growth hormone deficiency. Three hundred 
and seven patients, comprising 199 boys and 108 
girls, were accepted for treatment during the study 
period. The overall mean (SD) height SDS for these 
patients was —3-73 (0-93), with a mean (SD) age of 
submissions of 10-0 (4-1) years. Boys were on 
average one year older than girls at submission 
(10: 37 (4-04) years and 9-32 (4-2) years, respect- 
ive y) buthada significantly less deviant height SDS of 
— 3-56 (0-86) compared with — 4-05 (0-98) (p<0- 001). 
Parental heights were available for 301 of the 
patients: the mean (SD) height SDS of their fathers 
was —0-33 (1-14) and of their mothers was —-0-44+ 
(i. 18). Only nine parents had a height SDS of —3-0 
or .2ss. 





Hypothalamopituitary tumours. One hundred and 
nine patients with this diagnosis were accepted for 
treatment, of whom 57 were boys and 52 were girls. 
Table 1 summarises details of these patients. The 
interval between diagnosis of their tumour and 
submission for treatment with growth hormone 
ranged from 0-27 to 13-15 years (mean 3-27 years). 
No significant difference was noted beween the 
sexes with regard to height SDS at submission for 
treatment with growth hormone or the time re- 
quired for this. Thirty two patients had isolated 
growth hormone deficiency. and although they 
required roughly two years longer to be submitted 
for treatment with growth hormone, there was no 
sigmificant difference between their height SDS 
(—2-63 (SD 1-51)) and thar of the rest of the patients 
(—2-34 (1-48)). No correlation existed between the 
duration of time from diagnosis of the tumour to 
submission for treatment with growth hormone and 
the height SDS when accepted for treatment. 


Tabie 1 


Radiation induced growth hormone deficiency. Forty 
two patients, of whom 25 were boys and 17 were 
girls, were submitted with this diagnosis. Details are 
summarised in Table 1. The interval between cranial 
irradiation and submission for treatment with 
growth hormone ranged from 1-4 to 11-86 years 
(mean 6-10 years). Boys had a significantly less 
deviant height SDS than girls at submission 
(p<0-02). Nine patients had additional endocrino- 
pathies, and there was no significant difference 
between these and the remaining patients with 
regard to height SDS or duration of time required 
for submission. A highly significant negative cor- 
relation existed between the height SDS at submis- 
sion and the duration of time from diagnosis of the 
tumour to submission for treatment with growth 
hormone (p<0-001). 

In none of the three groups was there any 
significant trend towards earlier diagnosis when the 
figures were subdivided on an annual basis. 


Discussion 


In this study children with idiopathic isolated growth 
hormone deficiency were below the first centile for 
height at diagnosis. A greater cause for concern is 
that their short stature seems to have been ignored 
until mid-childhood. Treatment with growth hor- 
mone is currently thought to be necessary for 
normal growth from birth onwards, and therefore 
these patients were probably always smaller than 
their peer group. In most cases the parents were of 
normal height and the patients’ short stature could 
not therefore be explained on a genetic basis. No 
information was available as to how long the parents 
had been concerned about the child’s growth, 
creating uncertainty as to what extent the late 
diagnosis was due to parental complacency. Reports 
of the final stature of children with growth hormone 
deficiency who have been treated have noted that 
they rarely fulfil their genetic potential for height,” * 
and this has been attributed to delay in beginning 


Mean (SD) height SDS, age at diagnosis of tumours, and interval between tumour diagnosis and submission 


for treatment with growth hormone of patients with intracranial tumours 





Height 
SDS 
Patients with hypothalamopituitary tumours 
AR -242 
Bers ~ 2-53 
Giris aot 
Patents with other central nervous system tumours 
AL —2-45 
Bevs -2-43 
Giris ~ 2R 


Sn Age at diagnosis Interval between diagnosis 
and submission {yrs} 
(1-49) BOE E484) 423 (2-97) 
{1-70} RS3 (5-71) 3-1E (2-92) 
ihe? BUY (3-78) 3-32 (3-02) 
(LOZ 5-23 (3-33) @- 30 (2°78) 
C107} SSR (3-43) 6-27 42-94) 
iG. 77) 4-74) (3283 SRi (2-65) 
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Table 2 Comparison of current height SDS (mean (SD)) with previous publications 


Patients with rolated growth hormone deficiency 


No Height SDS 
United Kingdom 1971! 35 —4-7 (1:1) 
Switzerland 1980’ 30 4-2 (1-2) 
Finland® 4] ~4:8 (1-7) 
United Kingdom 1980-4 307 -3-7 (0-9) 


replacement therapy. It is tempting to speculate that 
if routine screening for short stature was to be 
carried out at school entry examination using simple 
devices such as the Oxford growth chart’ this delay 
in diagnosis might be overcome. The irreversible 
height loss suffered by these patients, however, 
possibly occurs even earlier than this. If so, this 
would lay an extra responsibility on general practi- 
tioners and infant welfare clinics. Nevertheless, the 
current figures show a considerable improvement 
over earlier published work? ê 7 (Table 2) in that the 
diagnosis of growth hormone deficiency is being 
made when the patients’ height SDSis less deviant 
from the mean. It must be mentioned, however, that 
the data on these patients do not take into account 
patients who were too old at presentation to benefit 
from treatment with growth hormone and were on 
this basis either never submitted to the committee 
for treatment or rejected on these grounds. Inclu- 
sion of these patients would almost certainly make 
the results poorer than they seem at present. 

The height SDS of patients with hypothalamo- 
pituitary tumours.also show a considerable improve- 
ment over previous reports (Table 2). It is also 
noteworthy that those patients with isolated growth 
hormone deficiency in this group, who may initially 
have not been under endocrinological supervision, 
showed no significant difference in their height SDS 
compared with those with additional endocrino- 
pathies. The current situation regarding patients 
with radiation induced growth hormone deficiency, 
however, shows more cause for concern. Unlike 
patients with hypothalamopituitary tumours, which 
are often slow growing and may affect hormone 
secretion long before diagnosis, patients with radia- 
tion induced growth hormone deficiency are likely 
to have been of normal or near normal stature at 
original diagnosis. The low height SDS at submis- 
sion for treatment with growth hormone of these 
patients, however, implies that their height 
measurements had been crossing the centile lines for 
some time before appropriate investigation was 
begun. This is supported by the strong negative 
correlation between the height SDS of these patients 
and the interval between initial treatment and 
submission for treatment with growth hormone. 


i 
i 
t 
t 
( 
I 


Patients with hypothaiamopituitary tumours 


No Height SDS 
18 -3-8 (1-6) 
10 ~2-9 (1-2) 
15 —3-1 (1-6) 

109 -24 (15) 


Cranial irradiation was not clearly identified as a 
cause of growth hormone deficiency until the mid- 
1970s,® but it is of concern that the mean (SD) 
height SDS of nine UK patients submitted for 
treatment with growth hormone shortly after this 
was ~2-45 (0-98), which is almost identical to the 
current figure. One problem facing clinicians is that 
the height velocity of cranially irradiated patients is 
often subnormal during the first year after treat- 
ment, regardless of whether any endocrinopathy is 
present;’ after this, however, the height velocity of 
these patients should be regularly monitored and 
investigation begun if it remains subnormal. 


The authors thank the directors of growth centres who gave 
permission for the submission data on their patients to be studied. 
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Serum fructosamine and glycated haemoglobin 
measurements in diabetic control 


E J HINDLE, G M ROSTRON, S A CLARK, AND J A GATT 
Department of Biochemistry, Infirmary and Department of Paediatrics, Royal Preston Hospital, Preston 


SUMMARY Serum fructosamine and glycated haemoglobin (HbA1) were measured in capillary 
samples from diabetic children and compared with samples from non-diabetic children. 
Glycaemic control was assessed clinically and by average daily glucose values recorded by home 
monitoring. Fructosamine correlated with HbA1 and with average glucose values measured over 
30 days. HbA1 also correlated with average glucose values measured over 60 days. Changes in 
fructosamine with time tended to parallel those of HbA1, and advance indication of deteriorating 
or Hnproving glycaemic control was possible by observing changes in these. Fructosamine has 
maay advantages over HbA1 measurement such as speed, technical ease, and low cost, and is a 
reliable alternative to HbA1 estimation as an indication of glycaemic control. 


Mezsurement of glycated haemoglobin (HbA1) is 
well recognised as a method of assessing glycaemic 
control in the routine management of patients with 
diatetes mellitus. =? It is of particular value in 
the management of insulin dependent diabetic 
children.* * Frequent estimations may be necessary 
in tnese patients since their glucose profiles are 
subfect to large fluctuations, causing changes in 
HbAlc concentrations (in one report, of approxi- 
mately 1% in a week).° These changes may occur 
through the formation of an unstable intermediate, 
and several methods have been described for 
removal of this before analysis,° 7 including a simple 
incubation with physiological saline for a minimum 
of fve hours.’ 

Tne fructosamine test is a method of assessing 
seruwn glycosyl-protein concentration.” Its measure- 
ment is an index of intermediate glucose control 
(one to three weeks) and i is of value as a screening 
test for diabetes mellitus,? gestational diabetes,!° 
type I (insulin dependent) diabetes,'! and type II 
(nor-insulin dependent) diabetes. 7 Measurement 
of fructosamine may be affected by the concentra- 
tion of albumin in the specimen, although there is no 
appreciable change within the albumin reference 
inte-val. 

Tne present study was designed to measure 
fruccosamine and HbA1 in capillary specimens from 
diatetic children and to establish reference ranges. 
Comparisons of the measurements with clinical 
observations and home glucose monitoring records 
were also made. 
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Subjects and methods 


Subjects. The populations studied comprised 57 
children and adolescents with diabetes (29 boys and 
28 girls, age range four to 17 years) attending the 
paediatric diabetic clinic of the Royal Preston and 
Chorley and District Hospitals, and 64 other children 
with no history of diabetes (26 boys and 38 girls, age 
range 1 to 17 years) attending a general paediatric 
clinic. Adult non-diabetic subjects (five men ‘and 
five women, age range 20 to 40 years) were also used 
in the study. Specimens were collected from the 
diabetic patients at each clinic visit (average four 


OR eee = 


times, range one to seven times in a period of one `' 


year). 


Diabetes managemen! 

A diagnosis of diabetes mellitus had been reached 
using diagnostic criteria such as’ hyperglycaemia, 
glycosuria, and ketonuria. The children studied 
were on a twice daily insulin regimen consisting of a 
combination of short and medium acting insulins in 
varying proportions. The insulins used were purified 
porcine preparations or in a few cases human 
insulin. Assessment of control at home was by a 
combination of capillary blood glucose sampling 
using BM20-800 sticks read visually and by urine 
testing with Clinitest tablets, and more recently 
Diabur 5000 Stix. A policy of frequent capillary 
blood sampling was encouraged but had to be 
adapted to each child’s tolerance. Blood samples 
were collected by the children four times daily (five), 
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four aa (13). ee than D times per a (four), 
and on no occasion (one). In addition, urine tests 
were performed three or four times daily (seven), 
between three and 20 times per week (17), occasion- 
ally (10), and on no occasion (19). 

The results were recorded in a diary and the 
patients or parents, or both, were encouraged to 
adjust insulin doses according to these. They had 
telephone access to a specialist diabetic health 
visitor who could advise further on this. All children 
were on a controlled carbohydrate diet. 

The patients were seen in the clinic at a maximum 
interval of three months; some requiring to attend 
more frequently for supervision, encouragement, 
and advice. At each clinic visit height and weight 
were measured, urine tested, random blood g glucose 
measured, and capillary blood samples taken for 
determination of HbAI and fructosamine concen- 
trations. All patients were seen at every visit by the 
doctor, specialist health visitor, and dietician. 


Methods. 

Samples 

All samples were collected into polyethylene capil- 
lary tubes containing heparin and fluoride. Capillary 
samples (100 ul) were collected by finger prick from 
the diabetic subjects and venous samples were 
collected from the non-diabetic subjects. Venous 
and capillary samples were collected simultaneously 
from the adult volunteers. 

After centrifugation (within two hours of collec- 
tion), plasma was transferred to the centrifugal 
analyser cups and either analysed immediately for 
glucose, albumin, and fructosamine or stored 
-4°C before analysis. The residual cells were 
incubated with physiological saline to remove labile 
component and then analysed for HbAL. 


Fructosamine 
Fructosamine was determined by the method of 





Johnson er af using the Cobas Bio Centrifugal 
Analyser”? (Roche Diagnostics). (Within batch and 
between batch precision CV=<1-0%, 3-0% respec- 
tively.) Variations in assay procedures described in 
the published reports’ !' make it essential that each 
laboratory defines its own reference intervals. 


Glucose and albumin 

Glucose and albumin were estimated on the Cobas 
Bio Analyser using hexokinase and bromocresol 
green respectively. 


Glycated haemoglobin 

HbAI1 was estimated by affinity electrophoresis on 
cellulose acetate membranes'* (Glyco-Phore Kit. 
Gelman Sciences). ( Within batch and between batch 
precision CV=6-7% , 7-3% respectively.) 


Statistical analysis 

Linear correlations were estimated using the 
method of least squares and Student's z test for 
statistical comparison. 


Results 


Reference ranges for fructosamine and HbAI are 
shown in the Table. There was no significant 
difference between fructosamine and HbAI esti- 
mated in capillary or venous samples from adult 
subjects (P>0-05). It was assumed, therefore. 
that the same would apply in children. 

There was a significant difference between glu- 
cose, fructosamine, and HbAI in the diabetic and 
non-diabetic groups (P<0-001). All subjects had 
serum albumin concentrations within the laboratory 
adult reference range (mean (SD), 45 (10) g/l). and 
the values in the non-diabetic and diabetic groups 
did not differ significantly (P> 0-05). 


Correlation of fructosamine and HbA. Fructosa- 
mine correlated with HbAI (r=0-86), Fig. Ha). 





Table Reference ranges for fructosamine and glycated haemoglobin HbAI. Values are mean (2 SD) 
Subjects Age range Albumin Glacase Fractosamine HbAl 
{yrs} {uil fnmolih {mmælii} (%) 

Children 

Diabetic (n= 56} 4-1? Sid (7-2) 12S (104) 1-36 (4-88) 10-2 (6-1) 
{capillary} 

Non-diabetic (n= 64) 1-17 KES (7+ 14} 4-76 (1-84) 39 (0-26) 5-29 {1-97} 
{venous} 

Adults 

Non-diabetic {n= H} MEAD 4-78 {2-1} GOR (0-12) e0 {23} 
icapilary } 

Non-diabetic {n= 10} R i wa O69 (0-103 §-K (2-2) 


{venous} 
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Correlation of fructosamine and HbA 1 with glucose. 
Diabetic diaries were examined from 20 children 
whe made an adequate number of regularly re- 
corded home blood glucose measurements. Fructo- 
sanane correlated with the mean blood glucose 
value (representing, on average, 50 individual 
estimations) measured over 30 days before a clinic 
visit {r=0-83) (Fig. I(b)). HbAI also correlated 
with the mean blood glucose value (representing, on 
average, 110 individual estimations) measured over 
the preceding 60 days (r=0-7) (Fig. 1(c)). 


Changes in fructosamine and HbAI. Fructosamine 
and HbA values were compared on the first and 
second visits in all patients, and im many instances 
biochemical evidence of improvement in diabetic 
conirel was seen. In general, those patients who did 
not perform any form of home monitoring regularly 
showed poor biochemical control compared with 


Fructosamine (mmol/l) 
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Y = O-1ix+0-17 
r=0.83 
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Fig. | (a) Correlation between fructosamine and 
HbA] in diabetic and non-diabetic subjects. 

(b) Correlation between fructosamine and mean 
glucose concentration (30 days). 

(c) Correlation between HbA] and average glucose 
concentration (60 days). 


those who performed frequent daily blood tests and 
adjusted their insulin requirements accordingly. 
Examples of serial estimations of fructosamine 
and HbAI in two patients are shown in Fig. 2. 
Patient 1 shows fructosamine and HbA1 values 
above the non-diabetic ranges. These decreased 
during the first three months studied, approaching 
the non-diabetic range. Subsequent stabilisation at 
slightly higher values was effected. Clinical evidence 
of improving diabetic control was also evident, and 
was supported by data from the diabetic diaries. 
Subject 2 showed high fructosamine and HbAI1 
concentrations which initially tended to show im- 
provement during the first month. Evidence of 
suboptimal control was subsequently shown bio- 
chemically, and in consequence intensive counselling 
of the patient prevented further deterioration and a 
return to reasonable control. The weight of this 
patient, measured at each clinic visit, shows good 
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Fig.2 Changes over time in fructosamine (C), HbA1 (W) 
(for patients 1 and 2), and weight (@) (for patient 2). 





clinical evidence of varying diabetic control support- 
ing the biochemical findings. 


Discussion 


Chronic hyperglycaemia may well be the cause of 
the vascular complications of diabetes mellitus,” 
and methods of accurate assessment of glycaemic 
control must surely be encouraged. This is of 
particular importance in children, where early and 
continuing stabilisation may establish a pattern of 
diabetic control for life.* 

The purpose of this study was to measure fructo- 
samine and HbA1 concentrations in capillary blood 
specimens from diabetic children as a measure of 

ycaemic control, and to compare these with 

inical observations and home glucose monitoring 
records. Each is subject to analytical and physio- 
logical factors which may affect the estimation. For 
instance, the labile intermediate formed by haemo- 
globin and glucose in vivo and vitro? may cause 
overestimation of HbA1, and the presence of low 
serum albumin concentrations may cause under- 
estimation of fructosamine. 

Fructosamine and glycated haemoglobin can be 
measured in the same sample of capillary blood. The 
reference range for plasma fructosamine in the 
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non-diabetic group (mean (SD), 0-59 (0- 26) mmol/l) 
is lower than that found in, adults’? (1-04 (0-4) 
mmoV/I1), which was derived from analysis of serum 
samples. 

Fructosamine and HbA1 correlated with average 
blood glucose values measured by home monitoring 
over 30 days (r=0-83) and 60 days (r=0-7) before 
attending the clinic. While this correlation depends 
on an estimate of glucose concentration, which is 
relatively subjective, it serves to give a numerical 
expression to a wholly subjective assessment per- 
formed in clinic when the diabetic diaries ‘are 
reviewed, and is therefore a relevant exercise. In 
our opinion, estimations of fructosamine and HbAI 
at a clinic visit are valuable aids in the interpretation 
of the diabetic diary records. 

Changes in fructosamine and HbA1 with time (for 
example, Fig. 2) provide a profile which, together 
with clinical data, gives advance warning of de- 
teriorating or improving glycaemic control. Fructo- 
Samine is thought to reflect average glucose values 
over two to three weeks, while glycated haemoglo- 
bin reflects glucose values over a longer period 
(about six weeks). In our experience changes in 
fructosamine and HbA1 generally occur in parallel 
in stable subjects. 

We believe that fructosamine and HbA1 estima- 
tions are of considerable value in the management 
of diabetic children. Most methods of estimation of 
HbA1 are, however, technically demanding, time 
consuming, labour intensive, and relatively costly. 
The method in use in our laboratory is no exception. 
The fructosamine assay, however, is rapid, tech- 
nically simple, inexpensive, and requires small 
volumes of sample (20 pl). While the analytical 
equipment we have used is sophisticated, most 
district general laboratories will possess a similar or 
equivalent piece of apparatus, making the analysis 
potentially available to paediatric departments. 
Further studies may indicate which is the more 
suitable analytically and in clinical application. 


We thank the staff of the paediatric clinics for their help in this 
study and Mrs S Jackson for preparation of the manuscript. 
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Two or three insulin injections in adolescence? 


F RJ HINDE AND D I JOHNSTON 


Children's Department, University Hospital, Queen's Medical Centre, Nottingham 


SUMMARY Morning hyperglycaemia remains a challenge to conventional insulin regimens. 
Eighteen adolescents participated in a one year crossover study to examine the effect of delaying 
the evening intermediate acting insulin from before the evening meal to bedtime. This three 
injection regimen caused slightly higher blood glucose concentrations in the early part of the 
night, and lower concentrations in the morning, but no overall change in glycosylated 
haemoglobin concentrations (HbA,..). Seasonal change accounted for substantially more of the 
variance in HbA. concentrations than did the regimen change. The three injection regimen did 
not alter the frequency of hypoglycaemic episodes. 

Metabolic control on both regimens might have been improved by more intensive monitoring 
and medical attention. This study suggests that factors beyond medical control, such as seasonal 
variation, may contribute more to the control of diabetes in adolescents than changes in 
conventional insulin regimens, particularly when unaccompanied by intensive monitoring. 


The classic primary aims of treatment for the child 
with insulin dependent diabetes are to maintain 
normal growth and development while preventing 
symptomatic hypo- or hyperglycaemia.’ As the 
evidence relating glycaemic control to microvascular 
complications has increased,” so the emphasis of 
management has been extended towards achieving 
normoglycaemia.°? 

One of the major barriers to glycaemic contro! on 
conventional insulin regimens is the dawn phe- 
nomenon. This consists of a rise in blood glucose 
concentrations that starts in the early hours of the 
morning and continues after breakfast, causing a 
mid-morning glycaemic peak.” Although the dawn 
phenomenon has been shown to be largely due to 
the glycaemic effects of nocturnal secretion of 
growth hormone.” it is likely to be exacerbated by 
the failure of conventional insulin regimens to 
maintain insulin concentrations throughout the 
night. Attempts to prevent morning hyperglycaemia 
by increasing the evening insulin dose may result in 
nocturnal hypoglycaemia, and the ensuing ‘Somogyi 
effect’ will further compromise blood glucose 
control.° Nocturnal hypoglycaemia thus limits the 
effectiveness of twice daily insulin regimens in 
controlling the dawn phenomenon. 

Delaying the intermediate acting portion of the 
evening insulin injection from before the evening 
meal until bedtime has been shown to improve 
morning blood glucose concentrations, without in- 
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creasing nocturnal hypoglycaemia, in adult patients 
selected because they showed a noticeable dawn 
phenomenon.’ The incidence and severity of this 
phenomenon in childhood are not known. We have 
therefore performed a one year crossover study 
comparing the classic twice daily ‘mixed’ injection 
with a three injection regimen involving a split 
evening injection. The study was performed on 
adolescent patients because we hoped that this older 
age group would be more tolerant of the third 
injection, the notorious poor control at this time 
also suggested significant possible benefits.” Chil- 
dren were not selected on the grounds of glycaemic 
control, as we wished to establish the value of this 
regimen, and thus the importance of the dawn 
phenomenon, to the ‘average’ adolescent patient. 


Methods 


Patients. Nineteen patients were selected from the 
population attending the Nottingham Children’s 
Diabetic Clinic on the grounds of age (adolescent) 
and duration of diabetes (> 2 years) (Table 1). All 
children and their parents gave informed consent to 
the trial, which had the approval of the local ethical 
committee. One girl failed to comply with the trial 
protocol and was, therefore, excluded. Results 
presented are from the 18 patients who completed 
the trial, none of whom suffered any other major 
iliness during the study period. 


Table | Patent details at randomisation 





Case Sex Age Duration of 
No (decimal diabetes 
years) decimat 
years) 
1 M 13-4 6-8 
2 M 18-5 10-7 
3 F 15-7 {3-7 
4 F 14-6 6 
5 M 18-9 L4 
6 F {5-] 4-6 
7 F 145 fy] 
8 M 12-7 12-0 
9 M 14-4 10-7 
10 F 18-2 Fa 
i F HER: 2-5 
12 F 15-8 ILU 
13 F 12-2 2-3 
id F 12-0 7-4 
15 F 12-8 TS 
16 F 18-2 Xi 
17 M 15-8 14-2 
Is M 14-8 oon 
Mean 14-2 74 
8D pS 39 
Range (H-B-1S-9) (2-2-14-2) 
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HBA, fasted itt Past prandiai 
[2h] dose C peptide“ 
tuékaday} tnmodlil) 

-N RF tO] 
13-7 0-06 (02 
IE] LUR dys 
13+] pp ay 
ER. 1-H: ERS 
1? pë 13 
124] bs G42 
10 ERSE HA 
199 Pa? Haj 
12-7 1 Obs 02 
12-6 1-24 403 
J3- 77 Hl 
0-9 Liz i6 
Liss 1-26 DAH 
HLD pig TA 
{a7 1. 38 HQZ 
13.9 pIe AZER 
IEI {0-78 ap 
12-4 püs 

2.0) O47 
(O-8- ER i) [0 76-1-37) 





“Adult fasting reference range 0-18-52 nmol/l. 


Afi children had normal renal function and were 
normotensive with no clinical evidence of micro- 
vascular complications. Only one child showed 
significant endogenous insulin production as shown 
by measurements of post prandial C peptide concen- 
trations. Their mean concentration of glycosylated 
haemoglobin (HbA,,) at randomisation (12-4%) 
was slightly higher than the clinic age group mean 
{11-8%). At entry to the study all children were 
being treated with injections of mixed intermediate 
and short acting highly purified porcine insulin, 
given before breakfast and before the main evening 
meai—a two injection regimen. 


Procedure. After a four month run in period the 


Tabe 2 
are mean (SE) 


children were randomly allocated to two groups. 
One group continued the two injection regimen. 
The other group received the trial three injection 
regimen: a normal ‘mixed’ morning injection, an 
injection of short acting insulin only given before the 
main evening meal, and an injection of intermediate 
acting insulin shortly before bed. After four months 
the children were switched over to the alternative 
regimen for the final four months of the study. 
The last child to be randomised entered and 
completed the study 11 weeks after the first. The 
total daily insulin dose, as well as the proportions 
taken as morning or evening, short or intermediate, 
acting insulin were similar on both regimens 
(Table 2). 


Anthropometry, hypoglycaemia, and insulin dose in the patients when given two or three injections. All values 
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1-39 (0-27) 
1-02 (0-52) 


Height gain (em/four months) 
Weight gain (ke/four months} 
Hypexiycaemic episodes: 
mike 4i (12) 
moderate O4 (0-1) 
serere 6 
Total insulin dose (U/kg) 1-03 (0-04) 
% “Fatal insulin doses: 
22-9 (1-33 
4-1 1-5} 
12-0 (1-0) 
24-9 (2-0) 


moming itermediate acting 
evening short acting 
evening intermediate acting 


Patients piven three Injections 


13} {025} 
190 (0-42) 


39 40-94) 
02 (3) 
Gy 0p 
LDO (4-04) 


22-6 (1-3) 
30-6 (19) 
13-5 (09) 
24-3 (ET) 


aanne AA A AAAA AEAN AEAEE iaaiiai iA AAAA AAAA i AERA ht rrr rrr Hetero nan raran ereTeteerinrtnsetertraaini, 


pN significant in all cases (performed by paired 7 test), 
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Children were seen at monthly intervals through- 
out the study, clinic attendances taking place at 
randomisation and at the end of both study periods. 
All other consultations took place in the children’s 
homes. During the run in period efforts were made 
to improve metabolic control, with particular em- 
phasis on reducing morning hyperglycaemia while 
attempting to avoid nocturnal hypoglycaemia. 


Monitoring. At each consultation details of insulin 
dosage, diabetic symptoms, and intercurrent ill- 
nesses were recorded, and a capillary blood specimen 
obtained for estimation of HbA;, concentrations. 
Children were asked to provide a four point blood 
glucose series (three pre prandial and one bedtime 
measurement) twice weekly, with midnight and 0300 
measurements twice a month. Two methods of 
home blood glucose measurement were used: five 
patients used Dextrostix (Ames) read with Glu- 
cochek meters (Medistron Limited); the remainder 
used visually read BM 20/800 sticks (Boehringer- 
Mannheim). The method of measurement remained 
constant for each child throughout the study. During 
the three days before each consultation children 
used Sarstedt fluoride capillary tubes to provide one 
eight point blood glucose series (before and after the 
three main meals, midnight, and 0300), and two 
additional fasting specimens. These tubes were 
stored at roughly 4°C until laboratory blood glucose 
analysis not more than four days later. 

Height and weight were measured at each clinic 
visit, and a post prandial specimen of blood obtained 
on one occasion for C peptide assay and routine 


biochemistry. 


Laboratory methods. Blood for assay of HbA,, was 
taken into EDTA tubes; the cells were then washed 
in 0-85% saline, separated, and lysed in an acid 
haemolysing solution within two hours of sampling. 
The lysate was stored at 4°C until analysed by an 
electrophoretic method’ (Gellman Sciences Inc).? 
Each specimen was analysed in duplicate, using 
different membranes; the means of the paired 
results are presented here. Blood for estimation of C 
peptide was taken into heparinised tubes contain- 
ing Trasylol (Bayer), separated immediately, and 
the plasma stored at —18°C until analysed by 
radioimmunoassay. ° 7 


Questionnaire. At the end of the study all patients 
completed a questionnaire comparing the two regi- 
mens. On a five point scale they indicated which 
regimen they considered -had given best blood 
glucose control, made them feel generally better, 
caused more problems with hypoglycaemia, was 


more convenient, and which they would prefer to 
continue with. : 
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Results 


Blood glucose. During the two treatment periods 
children performed 85% of requested home and 
88% of requested laboratory blood glucose 
measurements. Friedman two way analysis of 
variance showed that no consistent changes in blood 
glucose profiles took place within the period of 
either treatment regimen. The values at individual 
time points did not conform to a normal distribu- 
tion, and the results were therefore assessed using 
the median values of each child’s blood glucose 
concentrations at each time point. Comparisons 
between the regimens were made using Wilcoxon’s 
matched pairs signed ranks test. 

Both the home and laboratory blood glucose 
measurements showed only small differences be- 
tween the regimens. The laboratory measurements 
(Fig. 1) showed that blood glucose concentrations 
were lower before breakfast on the three injection 
regimen (p=0-03). The home measured results 
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Fig.-1 Mean (SE) concentrations of laboratory measured 
blood glucose on two and three insulin injections a day 

(p values from Wilcoxon’s matched pairs signed ranks test) 
(A =two injections, @=three injections). 


showed a similar trend at this time. After breakfast 
blocd glucose remained lower on this regimen, but 
this difference did not reach significance. possibly 
because only 16 children were able to provide 
sufficient samples for analysis at this time, Through- 
out the rest of the day blood glucose concentrations 
remained very similar on the two regimens, until 
0308, when the home measured results showed 
higher concentrations on three injections (p<0-03). 
The laboratory measurements showed a similar 
trend at this time. 


Hypeglycaemic episodes. (Table 2). These were 
recorded as: miid=mild symptoms rapidly relieved; 
mocerate=made the child unwell, caused an upset 
to family routine; and severe=requiring admission 
to hospital, intravenous glucose, or glucagon. There 
was no difference between the regimens in any 
category of hypoglycaemia. Eight children experi- 
enced symptomatic nocturnal hypoglycaemia during 
the whole study: these episodes were slightly more 
common on two injections than three. Unrecognised 
nocturnal hypoglycaemia, defined as a home 
measured blood glucose concentration of less than 
4-0 mmol/l (72 mg/100 ml), or a laboratory measured 
concentration of less than 3-5 mmol/l (63 mg/100 ml), 
occw@red with equal frequency on both regimens. 
This occurred on about 10% of nights tested and 
affected all but two of the children during the year of 
the study. 


Anthropometry (Table 2). The height and weight 
veloeities on both regimens were similar. 


Glycosylated haemoglobin (HbA,,). The mean (SEM) 
values of each child’s HbA, concentrations during 
the ast two months of each treatment regimen were 
vere similar (11-67 (0-46% } on two injections, 11-76 
(0-40%) on three injections). Individual children 
showed clear differences in control on the two 
regenens, but the direction and magnitude of these 
changes did not correlate with age, duration of 
diabetes, or with randomisation values of HbA,, 
and fasting or mid-morning blood glucose. There 
was. however, considerable seasonal variation in 
HbA, concentrations (Fig. 2), the most prominent 
feature of which was a fall in mean concentrations 
during spring and early summer. 

The seasonal variation was examined further with 
multiple regression analysis. This method was used 
in crder to eliminate any effect of disproportionate 
patent representation in the monthly summaries, 
All HbA,,. concentrations from the whole study, 
including the run in period, were entered, together 
with identifiers of the child, month of sampling, and 
the regimen. ‘Regimen’ had three values: the run in 
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Months 
Fig. 2) Mean (SE) HbA, concentrations from the whole 
study, including the run in period, by month of sampling. 


and both treatment periods. This showed that 60% 
of the variation in HbA,. concentrations was 
accounted for by the differences between individual 
equation accounted for a further 0-4% of the 
variance (p=NS), while the addition of ‘month’ to 
‘child’ accounted for a further 3-6% (p<0-01). 
There was a small interaction between month and 
regimen. It can, therefore, be seen that ‘month’ was 
a substantially more important predictor of HbA, 
concentrations than the differences between the 
insulin regimens. 


Questionnaire. In terms of blood glucose control, 
nine children preferred three injections, while four 
preferred two injections. A small majority (seven v 
five) had felt generally better on the trial regimen. 
Five children reported more problems with hypogly- 
caemia On three injections compared with two 
children on two injections. Thirteen (v two) found 
two injections more convenient and 11 (v five) opted 
to continue with this regimen. 


Discussion 


The options for improving nocturnal control on 
conventional insulin regimens include delaying the 
second injection of the day, introducing a third 
injection, or using an alternative delayed release 
preparation.'' In a previous study. performed on 
younger children, we found that delaving the second 
injection of the day until bedtime caused some 
Improvement in morning blood glucose concentra- 
tions but higher concentrations in the evening.” 
This suggested possible benefits from the addition of 
a third injection before the evening meal. This 
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second strategy, of splitting the evening injection, 
has been used on adults selected on grounds of 
excess morning glycaemia.’ 

Nine of the 16 children who provided mid- 
morning blood glucose concentrations had their 
highest concentration of the day at this time. This 
figure is not quite as high as the incidence of 84% 
quoted for adult patients? but, together with 
examination of the overall blood glucose profiles, 
suggests that the dawn phenomenon is a frequent 
and significant finding in this age group. 

The three injection regimen caused no overall 
change in HbA,, concentrations and only small 
changes in blood glucose profiles. The observed 
blood glucose changes, lower concentrations in the 
morning and higher concentrations in the middle 
part of the night, are predictable consequences of 
delaying the evening intermediate acting insulin. 
These changes are similar to those found in the 
study performed on adults,using the same regimen.’ 
It is tempting to suggest that patients selected on the 
grounds of morning glycaemia might benefit most 
from the trial regimen. Although the dawn phe- 
nomenon was clearly a frequent and important 
finding in these patients, there was no correlation 
between the degree of morning glycaemia and the 
change in HbA,, concentration.. Moreover, the 
adult study, performed on patients showing pro- 
nounced morning hyperglycaemia, also failed to 
alter HbA,, concentrations, despite more substantial 
changes in blood glucose profiles.’ 

Interestingly, despite the slightly higher blood 
glucose concentrations seen at 0300 on the three 
injection regimen, no real change was observed in 
the incidence of either symptomatic or asymptoma- 
tic nocturnal hypoglycaemia. Winter, in a study of 
unselected diabetic children, found that 18% suf- 
fered asymptomatic hypoglycaemia during one night 
of continuous blood sampling.'* Our incidence of 
about 10% of patient nights seems similar, although 
our patients were monitored much less intensively 
and at home. None of our patients had symptoms 
likely to be due to occult hypoglycaemia, but clearly 
nocturnal hypoglycaemia remains a major obstacle 
to conventional insulin regimens. 

The finding of a seasonal fluctuation in HbA,, 
concentrations might have been due to laboratory 
changes. The observed changes, however, do not 
correspond with any known changes in laboratory 
methodology, staff, or materials. Other workers, 
reviewing clinic HbA;, results, have reported 
seasonal changes. Concentrations were lowest in 
Denmark in midsummer” and in Finland in spring.’® 
Clinic reviews may be subject to the problem of 
disproportionate patient representation, but our 
results, in the context of a trial monitoring protocol, 


show a similar pattern to the Finnish children and 
suggest an effect of sufficient magnitude to repre- 
sent a problem for research design. Further ex- 
amination of this effect is in preparation. 

The results of this modest intensification of 
treatment with insulin were disappointing and war- 
rant comparison with the impressive results reported 
by others. Schiffrin and colleagues have improved 
metabolic control in a group of adolescents, who 
had previously failed to respond to two injections a 
day, by administering three pre prandial injections 
with or without a split evening dose.” Their patients 
admitted to occasionally omitting the inconvenient 
midday injection but performed at least four blood 
tests a day, a frequency that, although possibly 
important for optimal control,;'® would not have 
been- acceptable to many of our patients. Of the 15 
patients approached who declined participation in 
our study, nine mentioned the blood monitoring 
protocol as a deterrent, four mentioned the injec- 
tion regimen, two gave no reason, and two gave 
other reasons. 

Our patients were seen as monthly intervals, and 
although we encouraged them to contact us for 
advice between visits, few did so. Intensive medical 
attention can improve metabolic control,’? and 
more frequent contact and more intensive blood 
glucose monitoring might have improved metabolic 
control on both regimens, perhaps particularly if 
coupled with an insulin dosage adjustment algor- 
ithm. Under such conditions, without the ‘back- 
ground noise’ of poor control, greater differences 
between the regimens might become apparent. The 
results of such a study, however, could not easily be 
extrapolated to the general clinic setting, where this 
degree of individual attention is rarely possible. Our 
experience suggests that intensification of insulin 
regimens alone is unlikely to improve metabolic 
control without concurrent intensification of moni- 
toring, particularly during adolescence, an age 
group renowned for poor and erratic control.® 


We thank Margaret Evans for performing numerous blood glucose 
estimations, Dr J Ambler for the HbA,, assays, and Ian Hanning 
for the C peptide measurements. Dr Penny Standen gave invalu- 
able statistical advice. FRJH was supported by Novo Laboratories 
Ltd. 
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Metabolic rhythms in adolescents with diabetes 
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M D HOCKING, P H W RAYNER, AND M NATTRASS 
Children’s Hospital and Diabetic Clinic, General Hospital, Birmingham 


SUMMARY Metabolic rhythms were studied over 24 hours in eight adolescents with insulin 
dependent diabetes before and two months after attempting to improve diabetic control with 
home blood glucose monitoring. A significant improvement in blood glucose concentration was 
observed, although 24 hour mean concentrations remained grossly abnormal. This improvement 
was accompanied by significant falls in blood glycerol and total ketone bodies concentrations and 
a significant rise in blood lactate concentration. Without attention to other factors affecting 
diabetic control, the introduction of home blood glucose monitoring produces only a small 


improvement in control. 


Control of diabetes in adolescence is influenced by a 
variety of physiological and psychological factors. 
Continuous subcutaneous insulin infusion treatment 
improves control in insulin dependent diabetic 
patients? * but experience in children and ado- 
lescents is limited, and initial reports suggest that 
this treatment is less acceptable to these age 
groups.* Most adolescent diabetics are still treated 
with subcutaneous insulin régimens supported by 
home blood glucose monitoring. 

In practice, home blood glucose monitoring is 
often added io the treatment regimen without a 
major effort teing made to reform diet or exercise, 
both of which have profound effects upon diabetic 
control. 

We have attempted to simulate this situation in 
adolescent diabetic patients by studying the impact 
of home blood glucose monitoring upon control as 
assessed by diurnal rhythms of blood glucose and 
other intermediary metabolites and hormones which 
are known to be abnormal during treatment of 
insulin dependent diabetes.” 


Patients and methods 


Patients. Eight insulin dependent adolescent 
patients (three boys) were studied. Their ages ranged 
from 10-8 to 15-5 years (mean 12-7 years), and 
duration of diabetes was from 3-8 to 6-3 years (mean 
4-9 years). Petients were not included if, on clinical 
and biochemical evidence, they were in the ‘honey- 
moon’ period of diabetes, of in partial remission. 

Six patients were taking twice daily mixtures of short 
and intermediate acting insulin (Velosulin and 
Insulatard, Nordisk, or Actrapid and Monotard, 


Novo Laboratories) and two were taking once daily 
mixtures of Actrapid and Monotard. At recruitment 
into the study none of the adolescents was using 
home blood glucose monitoring . The study was 
approved by the Ethical Committee of the Central 
Birmingham Health Authority. 


Protocol. A 24 hour metabolic profile was per- 
formed at the start of the study, immediately after 
recruitment and before any attempt to improve 
control. After this intensive home blood glucose 
monitoring was done with seven point blood glucose 
estimations (before and-two hours after main meals 
and before bed) using BM20-800 blood glucose 
strips (Boehringer) on at least one day per week. 
Insulin dosage was adjusted by a paediatrician or by 
the patient after discussion with the paediatrician on 
the basis of the results aimed at producing prepran- 
dial blood glucose concentrations of 4 mmol/l and 
concentrations of less than 7 mmol/l after meals. 
Changes were made in the dose of insulin but not in 
type of insulin or frequency of injections. Results 
reported by the patient were not checked by the 
physician. No attempts were made to influence 


directly dietary compliance or exercise patterns. 


Within eight weeks all patients reported blood 
glucose profiles with all values less than 10 mmol/l. 
A second metabolic profile was performed two 
months after the start of the study. 

Patients were admitted to hospital the evening 
before the study. At 7.30 am a teflon cannula (22G 
Abbocath, Abbott Ireland). was inserted into an 
antecubital vein. Between samples the cannula was 
kept patent by flushing with saline (154 mmol/l). A 
fasting sample was taken at 8.00 am after which 
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inselin was given. Blood samples were taken hourly 
unt) 10 pm then two hourly to 6 am. Breakfast was 
eaten at 8.30 am, lunch at 12.15 pm, and dinner at 
6.15 pm with snacks at 10.30 am, 3.30 pm, and 9.30 
pm. Evening msulin was given at 5.45 pm. The 
carbohydrate content of the diet and individual 
meals was that prescribed for regular consumption 
at home and was the same for the two studies. 

Patients were encouraged to be ambulant be- 
tween blood samples, being free to leave the ward 
anc move between floors of the hospital. 

Eiood (5 ml) was withdrawn after discarding 2 ml 
from: the cannula. Whole blood (1 to 2 ml) was 
mixed with ice cold 5% (v/v) perchloric acid and 
refraerated immediately. The remainder was placed 
in a plastic tube and after clotting, serum was 
separated and stored at —20°C for subsequent 
measurement of C peptide and growth hormone. 

Crucose, lactate, pyruvate, 3-hydroxybutyrate, 
glycerol, and alanine concentrations were meas- 
ured in the perchloric acid extract by continuous 
flow enzymatic fluorimetric techniques.’ Acetoace- 
tate was measured within 36 hours in the perchloric 
acié extract by a spectrophotometric method.” 
Serum growth hormone was measured by a double 
antibody radioimmunoassay.’ Serum C peptide was 
measured by a single antibody method using anti- 
bocy M1230 from a commercially available kit 
(Neovo Research Institute, Copenhagen) after pre- 
cipitation of proinsulin/insulin antibody complexes 
by polyethylene glycol.” Total glycosylated 
haemoglobin was measured in the fasting blood 
sample by electroendosmosis (Corning). The nor- 
mal range in cur laboratory is 58 to 85%. 


compare glycosylated haemoglobin concentration, 
insun dose, and fasting concentrations of metabo- 
lites. Metabolic rhythm data were analysed using 
two way analysis of variance, ! with data classified 
by study and tume. For the missing hourly values 
durmg the night, the value for the previous hour was 
repeated. For numerical comparison of the 24 hour 
rhytm data in the studies an average of the 24 hour 
mean values was calculated. Total ketone bodies 
(the sum of 3-hydroxybutyrate and acetoacetate) 
was log transformed before analysis since the data 
did not fit a Gaussian distribution. 


Results 


Total glycosylated haemoglobin concentration 
(mean (SEM)) decreased from 13-2 (0-4)% to 10-8 
(0-7¥% (P<0-08). Daily insulin dose increased in all 
patients. The mean (SEM) insulin dose for the first 
study was 1-2 (0-2) U/kg and for the second study 
1-4 9-2) U/kg (P<0-05). There were no significant 


Metabolic rhythms in adolescents with diabetes 


l and ratios in eight adolescent diabetic patients before (study 1) and after 


Soe 


Fasting concentrations (mean (SEM)) of hlood metabolites (mmol 


(study 2) improvement in diabetic control 


Table 1 


rmnm AA hate papa PANAN EAA A aana a ingina ett! AANA ARA VY AARP APART A IM AY CAN RAPA ERT TIAA ENTE ETA THR AL RST RTETT LT 


ntti a aAA AAAA AA TERT ARAN TET ET TI CHAE HLA LRAT aaaea IT tt 


Ciiveern Alanine 


SOUR: 
A cA i 


TKR 


titi 


roo iat Dritat 2 waer 


ie dd 


L Re 


Lactatr: 
pyravute 


Laciate 


CHucose 


Hydroxy 


date rate 


Pyruvate 


e 


GGl 


HER 


D09 


93 


Study f 


(0-01) 


li 


(0-2) 


~~ 


{0-22} 


{0-3} 
5 


(0-014 
0-07 


) 


y 
Ku 


(0-1 


(1-5) 


HE7 


(2-6) 


rs 
tt 


36 


i 


1) 


(0-6) 
<05 


! 


R7 


Study 2 


URDI) 


{0-5 


boo T e me ma 


(0415) 


(0:27) 


{0H} 


(0-06) 


«008 


aanmaning ranra AA ANa Aene eieaa annaa ed risann 


ns 


ns 


HS 


ns 


ns 


As 


ns 


ot}? 


p 


Statistical analysis by Student's f test, ns=nol significant, 


TKB-<total ketone bodies; 3-OHB/AcAc= 3-hydroxybutyrate-acetoacetate. 


125 


126 Hocking, Rayner, and Nattrass 


changes in the proportion of insulin given in the 
morning (63% first study, 64% second study) nor in 
the proportion given as quick acting insulin (32% v 
36% ). 

Fasting blood glucose value was lower for the 
second study (P<0-07; Table 1), and the mean for 
the group was consistently different during the day 
but at no time was it less than 10 mmol/l (Fig. 1). 
The average 24 hour mean blood glucose concentra- 
tion fell from 14-6 mmol/l in the first study to 12-6 
mmol/l during the second study. Over the 24 hours 
there was a significant improvement between studies 
(F=7-20; P<0-01; Table 2). 

Fasting blood lactate value was not significantly 
different between studies (Table 1). After breakfast 
and morning insulin a more noticeable increase in 
blood lactate occurred during the second study (Fig. 
2). After the evening meal blood lactate concentra- 
tion was similar. Overall blood lactate concentration 
was significantly higher during the second study 
(F=7-42; P<0-01; Table 2). Blood pyruvate fol- 
lowed a similar diurnal pattern to lactate, although 
over the 24 hours differences were net statistically 
significant. Both fasting lactate/pyruvate ratio 
(Table 1) and lactate/pyruvate ratio over the 24 
hours increased significantly im the second study 
(Table 2). 

Total ketone bodies concentration was raised at 
the start of both studies but fell after breakfast and 
insulin. Throughout the 24 hours the mean concen- 
tration was consistently lower during the second 
study (F=17-70; P<0-001). After 9 pm there was a 
gradual rise in mean blood total ketone bodies 
concentration, although this was less noticeable in 
the second study (Fig. 3). Fasting blood glycerol did 
not differ significantly between studies (Table 1). 
Throughout, the mean blood glycerol concentration 
was lower during the second study (Fig. 3) and the 
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Fig. 1 Blood glucose concentration (mean (SEM)) over 24 
hours in eight adolescent diabetics before (@--@) and after 
(W-E) avempting to improve control with blood glucose 
monitoring, The large arrows indicate meals and the small 
arrows snacks, 
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(SEM)) over 24 hours in eight adolescent diabetics before 
(@—@) and after (@—M) attempting to improve control 
wit. blood glucose monitoring. The large arrows indicate 
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dixerence was statistically significant (F=13-67; 
P<i)-001). ; 

“Neither fasting blood alanine nor the diurnal 
pastern differed significantly between studies. 

Dne patient had no detectable C peptide during 
eitier study, and only one patient had a detectable 
coacentration of C peptide in every blood sample. 
Inzhe remaining six patients C peptide was detected 
in a similar number of samples during each study 
(maximum difference four samples). With this 
vagiation within and between patients missing values 
mke statistical analysis problematical. Considera- 
tica of either the 24 hour mean C peptide (for values 
otzained) or the sum of all C peptide values 
mzasured during a study did not suggest a consistent 
change. An increase in C peptide was observed in 
theee patients and a decrease in four patients 
be-ween the two studies. 

“No significant differences were found between the 
tw> studies for serum growth hormone. The average 
24 hour mean concentration of growth hormone was 
32 4 mU/ during the first study (range 11-5 to 64-8 
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Fig. 3 Blood total kesone bodies and glycerol 
concentrations (mean (SEM)) over 24 hours in eight 
adolescent diabetics beore (@—@) and after W—E) 
attempting to improve zontrol with blood glucose 
monitoring. The large arrows indicate meals and the 
small arrows snacks. 
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mU/l1) and 29-0 mUA (range 9-3 to 45-6 mU/1) during 
the second study. 


Discussion 


Control of diabetes during adolescence is problema- 
tical, although home blood glucose monitoring has 
been used to good effect—albeit in the limited 
situation of a diabetic camp.” In the present study 
we observed an improvement in diabetic control as 
assessed by the glecosylated haemoglobin and 24 
hour blood glucose concentrations, although nor- 
mality was not obtained with the mean blood 
glucose concentration never less than 10 mmol/l. 
The discrepancy be-ween the patients’ tests of home 
blood glucose monitoring and observed blood glu- 
cose concentrations is of interest. Differences be- 
tween home records of blood or urine tests and 
glycosylated haemoglobin in this age group have 
been reported!* and attributed to deliberate ma- 
nipulation. Indeed some degree of observer error 
may be implicated with patients’ readings uninten- 
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tionally tending to favour lower values. although it 
cannot be ruled out that the performance of the 
study under hospital conditions may have affected 
the results by contributing to a decrease in daily 
activity. In previous rhythm studies. however, a 
good correlation has been found between blood 
glucose measurements at home and during the 
hospital study.” 

Decreased activity is unlikely to explain. the 
finding of appreciably raised fasting blood glucose 
concentration in both studies. Thereafter the pat- 
tern of blood glucose concentration was not grossly 
abnormal (Fig. 1), although the rise after breakfast 
was exaggerated and prolonged. A reduction in the 
fasting blood glucose value to normal concentrations 
in the present study may well have led to a near 
normal pattern of control. 

The results for 24 hour mean blood glucose during 
the first study are similar to those obtained in 
diabetic children by Griffin er al’? who also made no 
attempt to improve control before study. The same 
group, however, obtained better 24 hour mean 
blood glucose results after optimising blooc glucose 
control on once or twice daily insulin injections." 
Four of their 15 patients, however, had significant 
endogenous insulin secretion. U 

In a previous study, Mann and colleagues" 
reported no significant differences between children 
who received intensive education and those who 
received the same degree of education and did Pa 
blood glucose monitoring. In the present study, 
cannot be ruled out that the improvement in 


diabetic control was due to increased supervision of 


the adolescents rather than a direct effect of blood 
glucose monitoring. 

Improved blood glucose control led to a signifi- 
cant increase in blood lactate concentration and a 
lesser and not significant increase in blood pyruvate 
concentration, with the major differences between 
the two studies occurring between 8 am and 6 pm. 
The combination of lower blood glucose with 
increased lactate suggests enhanced insulin stimu- 
lated glucose uptake and peripheral lactate produc- 
tion by the greater amount of insulin given in the 
second study. 

The improvement in blood glucose control 
reflected in the significant fall in blood total ketone 
bodies during the second study. although the diurnal 
pattern of blood total ketone bodies is not normal. 
Wildenhoff’” has shown peaks in total ketone bodies 
occurring before meals and at 4 pm in normal 
subjects. In the present study, the rise in ketones 
before lunch was absent and blunted before dinner, 
and during the night there was a steady rise rather 
than a peak. Comparing the overnight patterns for 
glucose and total ketone bodies it would seem that 


the rise in blood total ketone bodies during the night 
is an earlier and clearer indication of too little 
insulin than the change in blood glucose. 

That the lower total ketone bodies concentration 
is due to a decrease in lipolysis during the second 
study is supported by the significant fall in blood 
glycerol. Concentrations of glycerol obtained are 
within the normal range for young adults” despite 
high blood glucose concentrations. Further im- 
provement of glucose through increased insulin 
administration might result in suppression of 
glycerol to abnormal values due to peripheral insulin 
administration. 

In conclusion, blood glucose control was im- 
proved by a short period of home biood glucose 
monitoring in adolescent diabetic patients but nor- 
mal values were not achieved. The fall in blood 
glucose concentration was accompanied by lower 
total ketone bodies and glycerol concentration but 
blood lactate concentration rose. The major stum- 
bling block to normal blood glucose values was 
difficulty in obtaining a normal fasting blood glu- 
cose. Measurement of blood total ketone bodies 
during the night might give a clearer indication of 
under insulimsation. Without attention to other 
factors that affect diabetic control, particularly diet 
and exercise, home blood glucose monitoring pro- 
duces only a modest improvement in control and 
does not restore metabolic normality. 
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Neurological aspects of biopterin metabolism 
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SUMMARY Plasma total biopterin concentration was measured by bioassay in 59 infants with 
hyperphenylalaninaemia and in 50 children with developmental regression and or movement 
disorder with normal plasma phenylalanine concentrations. In infants with raised phenylalanine 
concentrations plasma biopterin concentrations were significantly raised in proportion to the 
phenylalanine values. Five patients had plasma biopterin concentrations at the extremes of the 
range, and of these two had defective biopterin metabolism. One with low plasma biopterin 
concentration apparently had a partial defect of biopterin synthesis but died before investigations 
were complete. One with high plasma biopterin concentration, even when phenylalanine 
concentrations had fallen to the normal range, had dihydropteridine reductase deficiency. In this 
patient concentrations of homovanillic acid and 5-hydroxyindolacetic acid in the cerebrospinal 
fluid (CSF) were severely reduced. 

In children without hyperphenylalaninaemia plasma biopterin concentrations were normal. 
Twenty two patients were subjected to lumbar puncture, of whom six with developmental 
regression without movement disorder had normal CSF biopterin concentrations, and 11 with 
movement disorder other than torsion dystonia had significantly lower CSF biopterin 
concentrations. Five patients with torsion dystonia had normal biopterin concentrations. 
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Tetrahydrobiopterin is the essential cofactor for 


three hydroxylation reactions, the conversion of AIR 

i 
phenylalanine to tyrosine, tyrosine to L-dopa, and Pe: 1 
tryptophan to 5-hydroxytryptophan.! These last two B, pnz 
reactions are the rate limiting steps of catecholamine ' NeH2P3 --» NeH, 
and serotonin synthesis. Deficiency of tetrahydro- l 
biopterin, due either to defective biopterin synthesis Tyr q~BH2 NADPH > 
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from guanosine triphosphate or dihydropteridine 

reductase deficiency (Fig. 1), is the cause of hyper- 

phenylalaninaemia in 1-3% of infants detected on PH DHPR 

routine neonatal screening.*° Children with de- 

ficiency of tetrahydrobiopterin may develop pro- F 

gressive neurological disease, in which movement Phe BH4 NADP 
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disorder is a prominent feature and which is 
unresponsive to a low phenylalanine diet and due in 
large part to deficiency of neurotransmitter amines. 3 

We wished to assess whether measurement of ae 
plasma total biopterin concentrations would help in ae Synthesis and recycling of tetrahydrobiopterin 
distinguishing patients with hyperphenylalani- (389. 

naemia due to defective biopterin metabolism from Hee ee ne a ON ace ee eee miphosphate, 
those with phenylalanine hydroxylase deficiency. BH, quinonoid-dlbydrobiopterin, BH,w7, 8 dinydrobiopterin, B=btopterix, 


Symptomless patients with normal plasma phenyl- —*=zxtive ee araea bioassay. menare ahaa 
Enzymes: PH=phenylaian ydroxylase, wdihydropteridine reduc- 
alanine concentrations, yet defective biopterin ise. 12GTP cyclohydrolac, 2=tetrahycroketopierin synthesising 


synthesis, have been described,” and others may 3=sepiapterin reductase. 
130 


be em ee ee ee G 


a 


heve symptoms, and/or phenylalanine accumula- 
tion, only when exposed to an excessive phenyl- 
alanine intake.’ It is not known how many children 
with neurological disease may be suffering from 
occult disorders of biopterin metabolism, and part 
of the present study was to assess the prevalence of 
such disorders among children with severe neurolo- 
gical disease, especially that accompanied by move- 
ment disorder. Adults with movement disorder may 
heve reduced ‘hydroxylase cofactor activity’ in 
cerebrospinal fluid (CSF), ° and there are reports 
of impaired biopterin synthesis in the brains of 
patients with senile dementia.’ 


Patients 


Infants with phenylketonuria. Plasma was obtained 
from 53 consecutive infants detected on routine 
neonatal screening before introduction of the low 
phenylalanine diet. Seventeen were retested after a 
few weeks on treatment. Plasma was also obtained 
from six infants who had already started the diet 
when first seen. Five infants underwent further 


` investigation (see below), including lumbar punc- 


ture in one patient, because initial biopterin concen- 
trations were ‘high’ or ‘low’ (2SDs) compared with 
the rest of the group. 


Patients with neurological disorder. These were 50 
children aged 1 month to 16 years undergoing 
neurological investigation because of developmental 
repression or extrapyramidal disturbance. They 
were investigated with the permission of their 
parents and with the approval of the hospital ethical 
committee. All had plasma phenylalanine concen- 
trations below 200 pmol/l (3-3 mg/100 ml), and the 
pathogenesis of their illness remained obscure de- 
spite extensive investigation. Five patients had 
torsion dystonia, four had dominantly inherited tics, 
1S had developmental regression, accompanied by 
epilepsy in nine, and in a further 22 patients 
severe extrapyramidal disturbance (choreoathetosis, 
tremor, dystonic posturing) was a prominent feature 
of their illness, accompanied by mental retardation 
in 13 and epilepsy in eight. Plasma was also obtained 
from the four affected parents with dominantly 
inherited tics. 


Methods 


Measurement of total biopterin activity. Heparinised 
blood 1-2 ml was obtained by venepuncture, and 


' plasma was separated by centrifugation. Between 


0-5 and 1 m! of CSF was obtained by lumbar 
puncture using a standard technique. Specimens 
were frozen as soon as possible and stored at —20°C. 
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For analysis, samples were thawed, diluted with 0-2 
molar, pH 5-0 phosphate buffer 1:20, autoclaved, 
and assayed as described previously using Crithidia 
fasciculata.°'' The growth response was read 
against a pooled plasma blank using standards of 
tetrahydrobiopterin. In two patients with inborn 
errors of biopterin metabolism the crithidia results 
were confirmed by urine pterin analysis? (Dr 
A Niederwieser, Zurich; Professor J A Blair, 
Birmingham) using high performance liquid chroma- 
tography. Urine contains roughly 1000 times the 
concentrations of total biopterin compared with 
those in plasma.!! 


Oral load of tetrahydrobiopterin. The protocol used 
here was that of Niederwieser et al. The test is 
carried out when plasma phenylalanine concentra- 
tions are raised. After an overnight fast 7-5 mg/kg of 
tetrahydrobiopterin combined with vitamin C (sup- 
plied by B Schircks, Zurich) was given on a spoon. 
Plasma phenylalanine and tyrosine concentrations 
were measured at baseline and at one, two, four, 
six, eight, and 24 hours, and urine, or plasma, 
biopterin concentrations were measured to show 
that the tetrahydrobiopterin had been absorbed. 


Oral load of L-phenylalanine. After an overnight fast 
100 mg/kg of L-phenylalanine was given dissolved in 
fruit juice and plasma phenylalanine; tyrosine and 
biopterin concentrations were measured at baseline 
one, two, three, four, and six hours.® 


Assay of dihydropteridine reductase activity. This is 
the diagnostic test for inherited deficiency of 
dihydropteridine reductase activity, and the assay is 
now carried out on dried blood spots** } in all new 
patients presenting with phenylketonuria at our 
clinic. 

These procedures were not available in our 
laboratory until the end of the present study and 
liver biopsy was carried out in one patient for 
measurement of dihydropteridine reductase and 
phenylalanine hydroxylase activities by Dr F Rey, 
Panis. 


Measurement of homovanillic acid and 5-hydroxy- 
indolacetic acid. The first 0-5 ml of CSF was placed 
on cardice at the bedside and stored at —20°C. 
Measurements were made using high performance 
liquid chromatography with electrochemical 
detection. Concentrations of homovanillic and 
5-hydroxyindolacetic acids in CSF provide an 
approximate index of dopamine and serotonin 
turnover in the central nervous system! and have 
been used here to assess the central effects of 
disturbed biopterin metabolism. Homovanillic and 
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5-hydroxyindolacetic acids in lumbar CSF are higher 
in early childhood than in later life,!f so results need 
to be compared with controls of similar age. Only 
limited control data were available from our own 
studies, but this is consistent with the data of Siefert 
et al.'® Initially, these measurements were not 
available in.our own laboratory, and the assays were 
done by Dr M Tricklebank, London. 


Results 


Infants with phenylketonuria. In comparison with 
healthy children® and infants with neurological 
disorder, plasma biopterin : concentrations were 
markedly raised (Fig. 2). Generally, the least rise 
was present in the infants with phenylalanine 
concentrations closest to the normal range, but even 
in the group with phenylalanine concentrations 
below 400 pmol/l (6-6 mg/100 ml) the mean plasma 
biopterin ‘concentration (3-16 ng/ml) was signifi- 
cantly raised in comparison’ with the mean (2-2 
ng/ml) for infants under 2 months of age with 
neurological disorder (t=2-23, Q:02>p<0-05). In 
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Fig. 2 ‘Plasma biopterins measured by crithidia assay 
versus plasma phenylalanine concentrations in 59 infants 
with phenylketonuria, pretreatment (@) and on alow 
phenylalanine diet (O). ~ ~ - —= Mean value of biopterin in 
_ six control infants. 
Case 1 had deficiency of dihydropteridine feductase activity, and case 2 has 
defective biopterin synthesis. 
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patients with plasma phenylalanine concentrations 
below 2000 pmol/l (33 mg/100 ml) there was a 
broadly linear relation and a significant positive 
correlation between biopterin and phenylalanine 
concentrations (r=0-68, t=2-640, 0-01> p<0-02). 
At higher phenylalanine concentrations the scatter 
of results widened, and the linear relation was lost. 
The correlation between plasma biopterin and 
phenylalanine concentrations was closer for patients 
on a low phenylalanine diet (r=0-89, t=2-941, 
0-001> p<0-01). 

Five patients had plasma biopterin concentrations 
at or outside 2SDs from the means for other patients 
with similar phenylalanine concentrations (Table 1). 
Further investigation of biopterin metabolism in 
three of the five gave normal results as follows. In 
one patient with an initial biopterin concentration of 
18 ng/ml plasma biopterin concentration fell to the 
normal range (2-1 ng/ml) when a plasma phenyl- 
alanine was 60 mol/l (1 mg/100 ml), and no further 
investigation was undertaken. In another patient 
with an initial biopterin concentration of 20-5 ng/ml 
the value fell to 6-6 ng/ml when phenylalanine was 
700 pmol/l (11-6 mg/100 ml), and an oral load of 
tetrahydrobiopterin produced no change in phenyl- 
alanine or tyrosine concentrations (Fig. 3), even 
though plasma biopterin concentrations rose during 
the test to 16 ng/ml. Dihydropteridine reductase 
activity in a dried blood spot was normal (174 umol 
NADH/min/], normal range 90-180 pmol/l). 

A third patient with an initial concentration of 
19-5 ng/ml was investigated elsewhere on a low 
phenylalanine diet and found to have a normal urine 
pterin pattern. The results of tests on these three 
patients indicated that the initial high biopterin 
values were due to the phenylalanine accumulation 
without deficiency of dihydropteridine reductase 


Table 1 Plasma biopterins (mean (SD)) according to 
phenylalanine concentrations in infants with 
phenylketonuria due to phenylalanine hydroxylase 
deficiency. Cases 1 and 2 omitted 


No of Plasma biopterin 
cases (g/ml) 
Mean (SD) 
Control infants (<2 months) 6 2-20 (0-93) 
Phenylalanine range (pmol/l): 

0-39 7 3-16 ~ (1:35) 
400-799 23 6-54 (2-34) 
800-1199 7 6-87 (3-09) 
1200-1599 8 9-33 - (3-40) 
1600-1999 7 9-80 (1:76) 

24 9-79 (5-09) 


One way analysis of variance F«3-71, p<0-O1. 
Conversion: Si to traditional units-—-Phenylalanine: 
mp/100 ml. 
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Fig 3 Plasma phenylalanine { } and tyrosine (~ — —) 
corcentrations after a single oral dose of 
tetr#ivdrobiopterin (BH 4) 7-5 mg/kg, in a patient with 
dilyaropteridine reductase deficiency (A) and in a patient 


wir phenylalanine hydroxylase deficiency (@). 
mimalis: 16-5 


Casweron: Sf to  sraditional 


mg! 4E mil. 
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actmaty. Investigations in two remaining patients, 
whe proved to have abnormal biopterin metab- 
olism, are described in more detail below. 


Case 1: deficiency of dihydropteridine reductase 
activity. This infant had the highest initial plasma 
biepterin concentration (21-6 ng/ml) of the series. 
Wren retested after phenylalanine concentrations 
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had fallen to 240 umol/! plasma biopterin concentra- 
tion was still high at 16-0 ng/ml. These results 
suggested a deficiency of dihydropteridine reductase 
activity, which was confirmed on further investiga- 
tion. Urine pterin analysis gave a biopterin: neop- 
terin: creatinine ratio of 814 (expected value 9-32, 
Dr A Niederwieser), and plasma phenylalanine 
concentration fell from 344 to 99 umol/l (5-7 to 1-6 
mg/100 ml) while tyrosine rose from 39 to 65 umol/l 
in response to administration of tetrahydropter- 
idine. There was no detectable dihydropteridine 
reductase activity in the liver, although phenyl- 
alanine hydroxylase activity was normal (Dr F Rey, 
Paris). Concentrations of total biopterin in CSF 
were raised (9-11 ng/ml) (Table 2) compared with 
the results found in the patients with neurological 
disorders (Table 3), but homovanillic (19 ng/ml) and 
S-hydroxyindolacetic (3-5 ng/ml) acids were 
markedly reduced and were not increased by a 
single dose of tetrahydropteridine (7-5 mg/kg) 
(Table 2). The patient showed only minor clinical 
abnormalities (hypotonia and hypomobility). 
Administration of L-dopa (10-12 mg/kg). carbi- 
dopa (as Sinemet-110), and 5-hydroxytryptophan 
10-12 mg/kg from 3 months of age led to a rise in the 
amine metabolite concentrations in CSF (Table 2) 
and disappearance of the clinical signs. The patient 
made good developmental progress for the next 18 
months, although intercurrent illness caused tran- 
sient hypotonia. At 10 months of age neurotrans- 
mitter replacement therapy was temporarily 
withdrawn during a trial of monotherapy with 
tetrahydropteridine at a dose of 20 mg/kg/day. After 
five days the patient became grossly hypotonic and 
developed an acute oculogyric crisis, which was 
reversed within hours of reintroduction of L-dopa 
and 5-hydroxytryptophan. Despite a rise of plasma 
total biopterin concentration from 11 ng/ml to 73 
ng/ml during administration of tetrahydropteridine 
there was no rise in the already raised CSF total 
biopterin concentration. Concentrations of homo- 


Tabie 2 Neurochemical findings in case 1 with deficiency of dihydropteridine reductase activity. Treatment was with 
L-aspa. S-hydroxyiryptophan, and carbidopa and trial was of tetrahydrobiopterin 20 mgikgiday 
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| 
Table 3 Plasma and CSF biopterins (ngimi) in children with neurological disorders 





Group Age {yrs} Blopterin (ng/ml) 
Mean l Plasma 

No Mean 
Mental retardation 4-2 19 1-8 
Movement disorder 4-3 22 1-7 
Torsion dystonia 12-1 5 17 
Inberited tics 12-1 4 2-2 
Total $8 1-78 


CSF 
(SD) No Mean (SD) 
(1-1) 6 3-7" (0-6) 
(0-8) 11 23° (1-0) 
(0-3) 4 3-6 (0-8) 
(0-9) 

(0-86) 21 2-9 (0-8) 


“Difference between CSF biopteria in children with mental retardation and those with movement disorder significant (t=6-22, p<0-001). 


vanillic and 5-hydroxyindolacetic acids fell in 
accordance with the clinical observations (Table 2). 
Peripheral phenylalanine accumulation was, how- 
ever, well controlled by a daily dose of 50 mg 
tetrahydrobiopterin, and this treatment was 
‘continued to obviate the need for a low phenyl- 
alanine diet. Full details of this patient have been 
published elsewhere," ! 

Despite good control of plasma phenylalanine 
concentration and continuing amine replacement 
therapy, developmental delay and regression oc- 
curred during the third year of life with deterioration 
in speech, impaired balance, ataxia, pinpoint pupils, 
recurrent absences, grand mał fits, increased tone, 
brisk jerks, and bilateral extensor plantar responses. 
Low total folate concentrations in serum and CSF 
suggest that the:neurological deterioration was due 
to interference by the accumulating biopterins with 
folate metabolism,” and administration of folinic 
acid (3 mg/day) halted the neurological deteriora- 
tion. ! 

Case 2: defective biopterin synthesis. A routine 
screening test for phenylketonuria was negative on 
the 10th day when the infant was receiving milk 
feeds but had developed diarrhoea. Raised phenyl- 
alanine concentrations, with an excess of phenyl- 
ketones in the urine, was first ‘noted at 4 months of 
age after the start of complete intravenous nutrition 
for persistent diarrhoea and failure to thrive. At this 
time the infant weighed only 3-6 kg, had recurrent 
fits, was severely delayed in development, and was 
noted: to be grossly hypotonic with dyskinetic 
movements. Plasma biopterin concentration (2-2 
ng/ml) was in the normal range despite plasma 
phenylalanine concentrations above 2000 pmol/l (33 
mg/100 ml) (Fig: 2). Withdrawal of intravenous 
treatment led to a fall of phenylalanine to 600 pmol/l 
within 48 hours, but the infant suddenly collapsed 
and died. A dried blood spot| obtained just before 
death showed no detectable biopterin activity, and 
| 


urine analysis by high performance liquid chroma- 
tography showed a low total biopterin of 0-475 ug/ml 
and high normal neopterin of 5-325 ug/ml, with a 
biopterin:neopterin ratio of 1:11 (the normal for 
early infancy being 1:2, Professor J Blair). These 
findings suggested that the infant had a partial 
defect of biopterin synthesis. Permission for post 
mortem was refused. 


Patients with neurological disorder. The mean (SD) 
plasma total biopterin concentration for the 50 
children was 1-78 (0-86) ng/ml, almost identical to 
the mean (1-75 ng/ml) found in 10 normal children 
in a previous study.° There were- no significant 
differences between groups (Table 3), and there was 
no relation between age and plasma biopterin. 
Parents with dominantly inherited tics had similar 
plasma biopterin concentrations (mean 2-2 ng/ml) to 
their children. Two patients, one with mental 
retardation and one with movement disorder, had 
initial plasma biopterin results at the lower limit of 
detection (0-2 ng/ml). They were investigated by 
means of a phenylalanine load (Fig. 4, cases 1 and 
2). Fasting plasma biopterin concentrations were 1-6 
and 1-3 ng/ml, respectively, and the biopterin 
response to phenylalanine was normal. The low 
initial readings may have been due to artefact, 
perhaps caused by delay in specimen handling. 

CSF total biopterin concentrations were generally 
higher (overall mean (SD) 2-9 (0-8) ng/ml) than 
plasma values (Table 3). With the exception of four 
children with torsion dystonia, however, patients 
with movement disorder had a significantly lower 
mean CSF biopterin (2-3 ng/ml) than the mean for 
six mentally retarded patients without movement 
disorder (3-7 ng/ml, t=6-22, p<0-001), and in five 
out of 11 patients with movement disorder CSF 
biopterin concentration was below plasma biopterin 
concentration. In five patients with torsion dystonia 
CSF biopterin concentrations were similar to those 
in children without movement disorder. 





Plasma biopterin (ng/ml) 
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Fig.4 Plasma biopterins after a load of L-phenylalanine, 
100 ng/kg in three patients with neurological disorders: 
l=extrapyramidal disorder, 2= mental retardation, and 
J=tersion dystonia. 
Ma aed Fa= mother and father of case 3. Plasma phenylalanine concentrations 
rose w between 420 and 601 umol/! (6-4 and 9-9 mg/1G0 mb). 
Coaversion: Si o raditianal units--~Phenylalanine: | 
mgle mi 


mmol ls 16-45 


Pat.ent with torsion dystonia. One patient who had 
normal plasma and CSF biopterin concentrations 
was investigated in more detail because of a 
previous report’ of reduced hydroxylase cofactor 
actwity in CSF in members of two families with 
dys:onia. 

This patient presented with left intermittent 
torticollis at 3 years of age. At 9 years he exhibited a 
severe dystonic posture of the neck, worse in the 
afternoon after eating, and disappearing during 
sleep. He also had long standing swallowing diffi- 
culty. He had a positive glabella tap and intermittent 
torsion dystonta of the left foot. Although he was of 
abcve average intelligence, he had great difficulty 
witb handwriting, during which he adopted a bizarre 
posture. Neurological examination did not show any 
other abnormalities. On radiological examination 
the-e was atony and gross dilatation of the oesopha- 
gus with complete absence of peristalsis and failure 
of -elaxation of the lower oesophageal sphincter. 
There was no reflux, and the picture resembled 
severe achalasia of the cardia. A fasting plasma 
phenlalanine:tyrosine ratio was <1 in patient and 
parents, indicating that there was no major impair- 
meat of phenylalanine hydroxylation in the liver. 
The response of plasma biopterin, phenylalanine, 
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and tyrosine concentrations to a phenylalanine load 
in patient and both parents (Fig. 4) was normal. 
Assay of dihydropteridine activity in a dried blood 
spot from the patient was also normal (102 umol 
NADH/min/ml). CSF homovanillic (38-5 ng/ml) and 
5-hydroindolacetic (8-4 ng/ml) acids seemed to be 
low, although not as strikingly so as in the patient 
with deficiency of dihydropteridine activity. Thera- 
peutic trials of Tegretol and of modest doses of 
Sinemet-110 (half a tablet thrice daily) with 5- 
hydroxytryptophan (20 mg thrice daily) produced no 
improvement in symptoms, and the latter treatment 
caused unacceptable drowsiness. Finally. bromo- 
criptine in a dose of 2-5 mg twice a day abolished all 
symptoms over the course of four months. The 
swallowing difficulties gradually resolved. and the 
radiological abnormalities disappeared completely. 
After one year bromocriptine was withdrawn in a 
double blind manner over a six month period 
without causing clinical relapse, and six months later 
the patient remains perfectly well. 


Discussion 


The results reported here indicate that measurement 
of plasma total biopterin activity is of value in the 
diagnosis of patients with hyperphenylalanine due to 
tetrahydrobiopterin deficiency. The disadvantages 
of the crithidia assay are that some biopterin activity 


is lost in the course of the assay. it does not 
distinguish the different species of biopterin, and it 


does not measure neopterins. Newer methods of 
pterin analysis using high performance liquid 
chromatography’ '" and radioimmunoassay?” can 
be used to measure the different species of biopterin 
and neopterin. There will, however, be a continuing 
need for simple. sensitive, and cheap methods of 
biopterin measurement for routine testing of infants 
with phenylalanine accumulation. The crithidia 


The results of the present study, showing that 
infants with raised plasma phenylalanine concentra- 
tions due to deficiency of phenylalanine hydroxylase 
activity have raised plasma biopterin concentrations 
in proportion to the hyperphenylalaninaemia are 
consistent with other studies.° ° Among 59 con- 
secutive infants with persistently raised plasma 
phenylalanine concentrations two patients, both 
with plasma biopterin concentrations 2SD from the 
mean for patients with phenylalanine hydroxylase 
deficiency (allowing for variation in phenylalanine), 
proved to have defective biopterin metabolism, 

The most useful investigations for confirmation or 
exclusion of defective biopterin metabolism de- 
pended upon whether the initial plasma biopterin 
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was ‘high’ or ‘low’. In the patiénts with ‘high’ values 
measurement of dihydropteridine reductase activity, 
with repeat plasma biopterin measurement when 
phenylalanine had fallen to, the normal range, 
enabled a firm diagnosis of dihydropteridine reduc- 
tase deficiency to be made. Ini the presence of ‘low’ 
initial biopterins urine pterin analysis indicated a 
partial block in the conversion of neopterin to 
biopterin. This patient died before an oral load of 
tetrahydrobiopterin could be |given, and the possi- 
bility that biopterin deficiency, was due to profound 
malnutrition, rather than to an inborn error, cannot 
be excluded. The effects of disturbed biopterin 
metabolism on central dopamine and serotonin 
synthesis can be assessed by measurement of homo- 
vanillic and 5-hydroxyindolacetic acids in CSF. 
Although it was not performed here, it is also use- 
ful to measure the noradrenaline metabolite 
3-methoxy 4-hydroxyphenylglycol 

In the patient with dihyd opteridine reductase 
deficiency tetrahydrobiopterin in a single dose of 7-5 
mg/kg, or a daily dose of 20 mg/kg, failed to control 
neurological symptoms or improve neurotransmitter 
amine synthesis and also failed to raise the already 
high CSF total biopterin concentration. These find- 
ings contrast with those reported in a study of a 
patient with defective synthesis of biopterins in 
` whom it was possible to raise CSF biopterins by oral 
treatment with tetrahydrobiopterin,*! and another 
study showing that symptoms | could be controlled in 
a patient with a synthesis defect.” 

For the first 18 months of treatment our patient 
with dihydropteridine reductase deficiency made 
good progress on neurotrabsmitter replacement 
therapy, first in combination with a low phenyl- 
alanine diet, later with 50 mg/day tetrahydrobiop- 
terin. Unfortunately, as in a similar patient described 
previously,” progress during! the third year of life 
was less satisfactory, with evidence of neurological 


deterioration_ due to a ey defect of folate . 


metabolism." 

In 50 children with neurological disease and 
without hyperphenylalaninaemia plasma biopterin 
concentrations were similar | to those of healthy 
children, suggesting that in' patients with normal 
phenylalanine concentrations general disturbance of 
biopterin metabolism is rarely the cause of progres- 
sive intellectual loss or extrapyramidal disturbance. 
CSF biopterin concentrations in children without 
movement disorder and children with torsion dysto- 
nia were similar to those in children with leukaemia 
(4-2 ng/ml) studied before treatment (unpublished 
data). CSF biopterin concentrations were lower in 
children with movement disotder other than torsion 
dystonia, a finding which can best be explained as 
due to anatomical or functional abnormality of the 
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brain areas normally contributing to CSF biopterin 
rather than as the result of a primary defect of 
biopterin metabolism. 

Six adult patients with Huntington’s chorea also 
had normal plasma biopterin and low CSF total 
biopterin concentrations (1-9 ng/ml) (unpublished 
observations). A study of ‘hydroxylase cofactor 
activity’ in CSF found concentrations equivalent to 
20 pmol/l tetrahydrobiopterin (4-2 ng/ml) in adult 
controls, and patients with movement disorder 
(Parkinson’s disease and Huntington’s chorea) again 
showed a reduction of 50% or more.® 

Profoundly low CSF ‘hydroxylase cofactor activ- 
ity’ has been reported in several members of two 
families with torsion dystonia.” These patients did 
not manifest the degree of neurological disturbance 
that might have been expected? if tetrahydrobiop- 
terin in the central nervous system had indeed been 
severely reduced. These results contrast with the 
normal crithidia results in the patients with torsion 
dystonia described here, although one in whom 
amine metabolite concentrations were measured did 
show reduced concentrations of dopamine and 
serotonin metabolites in the CSF, suggesting that 
interference with tyrosine and tryptophan hydroxy- 
lation might have been present. We speculate that 
an inhibitor of the aromatic hydroxylases is present 
in the CSF and brains of some patients with torsion 
dystonia, which, without direct interference in 
biopterin synthesis, reduces ‘hydroxylase cofactor 
activity’ and amine turnover. The association re- 
ported here of achalasia of the cardia with torsion 
dystonia and a disturbance of amine metabolism is 
of interest as the pathogenesis of both disorders 
remains a mystery. 
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Nasogastric compared with nasoduodenal feeding in 
low birthweight infants 


I A LAING, M A LANG, O CALLAGHAN, AND R HUME 
l 
Department of Child Life and Health, University of Edinburgh 


.SUMMARY One hundred successive infants weighing less than 1500 g at birth were allocated 
alternately to intermittent nasogastric or continuous nasoduodenal feeding regimens. Eighty 
were appropriate for gestational age, and of these 25 fed successfully by nasogastric tube and 16 
tolerated nasoduodenal feèding until 1600 g. No significant differences in either calorie intake or 
growth rates were identified throughout the seven weeks of the study. Because of the increased 
complexity and radiological exposure involved with feeding transpylorically, nasogastric feeding 


may be preferred as a method of feeding the low birthweight infant. 
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The very low birthweight infant requires a protein 
and calorie input sufficient to sustain growth and 
brain development.’ * Parenteral nutrition has been 
widely used to achieve this goal,? but the risks of 
cholestasis and sepsis* ° associated with this method 
have caused renewed interest in enteral feeding. 
Concern about mild aspiration associated with naso- 
gastric feeding of the preterm infant® has encour- 
aged the use of transpyloric routes—both naso- 
duodenal and nasojejunal—but studies do not concur 
over which method carries better growth rates and 
fewer complications.” 

The present study compares two groups of infants 
of birthweight less than 1500 b. In one group feeding 
was by nasogastric tube, while the other group was 
fed initially by the nasoduodenal route. 


Patients and methods | 


Between September 1982 nd February 1984 all 
infants of birthweight 750 to,1500 g admitted to the 
Neonatal Intensive Care Unit, Simpson Memorial 
Maternity Pavilion, Edinburgh, within 24 hours of 
birth were entered into the:study. All 100 infants 
were allocated alternately to nasogastric or naso- 
duodenal feeding regimen on a rigidly observed 
basis uninfluenced by the chnical condition of the 
infant. On completion of the trial infants appropri- 
ate for gestational age (between 10th and 90th 
centiles)'© were selected from both groups for 
comparison of outcome. |! 

Fluid intake targets were} the same. Soon after 
birth a peripheral intravenous infusion was started 
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based on a 9-5% dextrose cocktail with sodium 
content 2 mmol/100 ml. No amino acid nor lipid 
solutions were given. At three hours a feeding tube 
was passed and, if positioned successfully, milk 
feeds began at 0-5 ml/hour (for infants of birth- 
weight less than 1000 g at birth) or 1 ml/hour (for 
infants ‘of birthweight between 1000 and 1500 g). 
Similarly, six hourly increments of milk intake were 
by 0-5 ml/hour or 1 ml/hour according to weight. 
Planned fluid requirements in both nasogastric and 
transpyloric groups began at 50 ml/kg/day on day 
one, and increased by 25 ml/kg/day to 150 mi/kg/day. 
Decisions to increase still further were taken on an 
individual clinical basis. 

In the group fed nasogastrically a 5 gauge 
(Argyle) feeding tube was passed at three hours and 
the position checked by acid reaction of the aspirate 
with litmus paper. Hourly bolus feeds were given by 
syringe administration. In the group fed transpylor- 
ically initial passage of a 5 FC silastic nasoduodenal 
tube (Vygon) was attempted at three hours of life, 
and continuous feeding was begun when the tube 
was in position, which was confirmed radiologically. 
The optimum tube end site used was the second part 
of the duodenum. Primary failure of passage was 
defined: as inability to pass a tube through the 
pylorus on any occasion. In some infants, previously 
intubated successfully, the tube became displaced: 
subsequent failure to reposition the transpyloric 
tube was termed secondary failure. In both groups 
intravenous dextrose electrolyte solution sup- 
plemented the infants’ planned fluid requirements 
until full enteral feeding was established. At 1600 g 
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bozh groups were fed by intermittent hourly naso- 
gastric feeding, progressing to two hourly feeds at 
_ 1730 g weight, three hourly feeds at 1800 g, and 

thereafter full bottle or breast feeding on an 
incividual basis. 

-nfants were weighed naked on admission and 
then daily until discharge using an integrated elec- 
trenic balance (Mettler 515). Crown-rump and 
crcwn-heel lengths were measured weekly using a 
Herpenden neonatometer, and occipitofrontal cir- 
cumference was also documented on a weekly basis. 
Mortality and number of outborn versus inborn 
infants were compared by 2x4 contingency tables. 
Al. other statistical analysis was by Student’s t test. 


Results 


Of the 50 infants allocated to the primarily nasogas- 
tric regimen, 35 were appropriate for gestational 
age, while 45 were appropriate for gestational age in 
the nasoduodenal group. Table 1 shows that there 
were no significant differences between the groups 
in sex, birthweight, crown-heel length, and occipi- 
tofrontal circumference. The original transpyloric 
group seemed to be of an earlier gestation and 


smaller crown-rump length (p=0-05). The propor- 
tion of inborn to outborn infants was similar in both 
groups, nine of the inborn infants being fed nasogas- 
trically having been transferred in utero from other 
hospitals, while 14 of the inborn infants being fed 
transpylorically were similarly: antenatal transfers 
(not significant). The original transpyloric group 
had significantly poorer Apgar scores at one and 
five minutes. - 
Table 2 shows that of the 35 infants appropriate 
for gestational age fed nasogastrically, six died. Five 
of these had massive intraventricular haemorrhage, 
and the sixth was severely birth asphyxiated. Four of 
the infants originally fed nasogastrically developed 
necrotising enterocolitis, which was treated success- 
fully by total parenteral nutrition and intravenous 
penicillin, gentamicin, and metronidazole. Of the 45 
infants appropriate for gestational age allocated to 
transpyloric feeding, 21 died, 16 of whom had an 
intraventricular haemorrhage, three of whom were 
severely asphyxiated but postmortem permission 
was refused, one who was of 24 weeks’ gestation, 
and one who died of bronchopulmonary dysplasia. 
Table 2 also shows that 13 of the original naso- 
duodenal group failed to tolerate nasoduodenal 


Taole 1 Characteristics of infants appropriate for gestational age at birth. Values are mean (SD) 


Original transpyloric group 


Nasogastric group p value 
No -of infants 35 45 
Boww/girks 23/12 32/13 NS 
Birhweight (g) 1223 (229) 1132 (213) NS 
Gestation weeks 28-5 (2-0) 27-7 (1-6) 0-05 
Crawn-rump length (em) 25-9 (1-5) 25-2 (16) 0-05 
Crown-hee! length (cm) 38-7 (2-5) 37-9 (3-1) NS 
OcGpitofrontal circumference on third postnatal day (cm) 26-9 (1-7) 26-1 (2-0) NS 
Inborn/outborn 31/4 36/9 NS 
Apgar score at: one minute 6:2 (2-7) 3-6 (2-6) <0-001 
five minutes 8:3 (1-5) 6-3 (2-4) <0-001 
Taole 2 Outcome (No of infants) of feeding methods of infants appropriate for gestational age 
Feeding method 
k Nasogastric Nasoduodenal p value 
No of infants 35 45 
Successful feeding to 1600 g 25 16 
Tomi no of deaths 6 21 <0-01 
No œf deaths before tube passage attempted 2 10 
Failure of method -> 4 13 
Cacse of failure of method: 
becrotising enterocolitis 4 0 
Therapeutic use of pancuronium 0 6 
Frimary failure of tube passage 0 i 
Secondary failure of tube passage - 9 3 
Fecurrent misplacement 0 I 
File vomits Q 2 
A ray films for tube positioning mean (SD) 0 10-6 (7-9) 
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feeding. Six had severe respiratory distress, toler- 
ated ventilation poorly, and ‘required to be para- 
lysed: five of these subsequently died, but the other 
was fed successfully by nasogastric tube four days 
later. No infant developed necrotising enterocolitis 
while a nasoduodenal tube was in place, although 
one of the transpyloric erpup, a after secondary 
failure of passage of the nagsoduodenal tube, was 
switched to nasogastric feeding, and necrotising 
enterocolitis was diagnosed three days later. The 
increased radiological exposure of the 34 infants 
who had successful passage of at least one naso- 
duodenal tube is shown. 

Twenty five infants were; fed successfully by 
nasogastric tube until 1600 g,/and 16 of the original 
transpyloric group also achieved this weight by the 
nasoduodenal route. Table 3/shows that these two 
groups were similar in all variables measured. In 
addition, as is shown in Table 4, no differences in 
growth velocities were identified between the two 
groups. -Furthermore, no differences between the 
two successful groups were shown when mean daily 
fluid and calorie intakes were| compared for each of 
the first seven postnatal weeks. The mean rate of 


Table 3 Details of infants appropriate for gestational 
age fed successfully to 1600 g. Values are mean (SD) 


| Feeding method 


| Nasopastric  Nasoduodenal 
No of infants I 25 16 
Boyygirls (no) 18/7 11/5 
Outborn/inbom (no) _ 2/23 4/12 
Gestation weeks (28-9 (2-1) 28-8 (1-5) 
Birthweight (g) 1259 (199) 1303 (148) 
Crown-nump length at birth (cm) , 25-9 (1-4) 25:9 (1-3) 
Crown-heel length at birth (cm) "38. 9 (2-3) 39-1 (1-9) 
Occipitofrontal circumference at birth (cm) 27-2 {1-6} 27-2 (1-6) 


p=NS for all values. | 


i * 


i . 
Table 4 Growth variables of infants appropriate for 
gestational age successfully fed to. 1600 g. Values are mean 
(SD) 





, Feeding method 

H 

' Nasogastric Nasoduodenal 
No of infants |25 16 
Postnatal weight loss (%) | 14-6 (5-4) 17-5 (4-6) 
Day of maximal postnatal weight loss 5:2 (2-3) 5-4 (2:2) 
Day to regain birthweight | 15-9 (5-1) 16-6 (5-9) 
Day to achieve 1600 g , 29-8 (11-5) 28-6 (8-6) 


Growth of occipitofrontal circumference i 


(cm/week) 0-8 (0-3) 0-8 (0-4) 
Growth of crown-rump length (cm/week) | 0-6 (0-7) 0-7 (0-3) 
Growth of crown-hee! length (cm/week) , o8 (0-2) 0-7 (0-4) 


p=NS for all values. | 
Growth velocities are calculated over the first six weeks of lite. 
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displacement of nasoduodenal tube into stomach 
was 13 times for these 16 infants. 


Discussion 


In this study 100 successive infants of birthweight 
less than 1500 g were allocated alternately to initial 
nasoduodenal or nasogastric regimens independent 
of their clinical condition at birth. However, highly 
significant differences in Apgar scores at one and 
five minutes were obtained by attending staff who 
were generally unaware to which method of feeding 
the infant would be allocated. This chance occur- 
rence may largely account for the greater mortality 
in the group fed nasoduodenally. 

Poor weight gain of infants fed nasojejunally has 
been described,’ ? but a nasoduodenal approach has 
been claimed to be more physiological and to carry a 
lower risk of complications. In our 41 infants 
appropriate for gestational age who fed successfully 
to 1600 g by the routes originally allocated no 
significant differences in growth rates were identi- 
fied, an observation in keeping with the findings of 
Pereira and Lemons.® 

Concern has been expressed about the association 
between transpyloric feeding and the development 
of necrotising enterocolitis and perforation.!! ? 
Necrotising enterocolitis can occur with nasogastric 
feeding, however,” and all five infants with this 
disorder in the present study were being fed naso- 
gastrically at the time of diagnosis. No episode of 
aspiration of milk was identified in any of the 


_ original 100 very low birthweight infants and no 


child fed nasogastrically required to be changed to 
the transpyloric regimen. 

Thirteen of the infants allocated to the original 
transpyloric regimen did not tolerate it. In one child 
the tube failed to pass in seven attempts over 36 
hours. Three infants were successfully transpylor- 
ically intubated, but the technique failed thereafter 
when a further tube was required. One infant was 
recurrently intubated without difficulty, but on eight 
occasions in fours days the tube tip fell back from 
the second part of the duodenum into the stomach, 
resulting in poor weight gain because of recurrent 
method failure. Two infants had frequent bile 
vomits on two successive days, and, although no 
aspiration of vomit was identified, the feeding 
method was changed to nasogastric, and the prob- 
lem promptly resolved. The high rate of displace- 
ment of nasoduodenal tube into stomach (mean 13 
times) compares poorly with results previously 
achieved in our unit (mean 2-7 times) using the third 
part of the duodenum as the optimal endtube site.° 

While the tip of a transpyloric tube can be 
positioned by ultrasound techniques, in many units 
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x vay films are used for this purpose. The mean of 
1a x ray films required in our study specifically for 
siting the nasoduodenal tube is recognised as a 
disadvantage of the method. One attempted passage 
ofa nasoduodenal tube resulted in intubation of the 
right main bronchus: this was identified radiologi- 
caly, no milk was administered, the tube was 
removed, and the infant remained asymptomatic. 

‘a the present study the group that tolerated 
nasoduodenal feeding showed no benefits in either 
fluid and calorie intake or growth rate when 
conpared with the infants given intermittent naso- 
gasiric feeds. Furthermore, the nasoduodenal 
method is of greater complexity and in many centres 
reqaires an x ray film te confirm end tube site. 
Incermittent nasogastric feeding should be con- 
sicered as a suitable method of feeding low birth- 
weight infants. 











Reserences 


| sinnich M. Rosso P. The effect of severe early malnutntion on 
cellular growth of human brain. Pediatr Res 1969. 3:151. 


Be em 


IW. Intravenous alimentation in pediatric patients. J Pediatr 
1972:80:35 1-72. 


ay 


Sondheimer IM. Bryan H. Andrews W., Forstner GG. Cholesta- 
tic tendencies in premature infants on and off parenteral 
nutrition, Pediatrics 1978:62:948-9. 

Glass EJ, Hume R. Lang MA, Forfar JO. Parenteral nutrition 

compared with transpyloric feeding. Arch Dis Child 1984.59; 

131-A. 

t Van Caillie M. Powell GK. Nasoduodenal versus nasogastric 
feeding in the very low birthweight infant. Pediatrics 1979.56: 
1065-71. 

7 Roy RN. Pollnitz RP. Hamilton JR. Chance GW. Impaired 

assimilation of nasojejunal feeds in healthy low birthweight 

newborn infants. J Pediatr (977,90:43 1-4. 

Pereira GR, Lemons JA. Controlicd study of transpyloric and 

intermittent gavage feeding in the small preterm infant. Pediat- 

rics 1981:67:68-7 1. 

Whitfield MF. Poor weight gain of the low birthweight infant 

fed nasojejunally. Arch Dis Child 1982:57:597-601. 

‘Scottish Health Service Common Services Agency (1981). 

Birthweight, head circumference and length by gestarional age. 

Scotland 1973-1979. 

Boros SJ. Reynolds IW. Duodenal perforation: a complication 

of neonatal nasojejunal feeding. J Pediatr 1974-83: 107. 

` Siegle RL. Rabinowitz JG. Sarasobn C. Intestinal perforation 
secondary to nasojejunal feeding tubes. AJR 1976.126:1229. 

’ Yu VYH, James B, Hendry P. MacMahon RA. Total parenteral 

nutrition in very low birthweight infants: a controlled trial. Arch 

Dis Child 1979.54:633-61, 


at 


os 


PR 
< 


ma 
~~ 


ont 


vane 
a 


mee 
rè 


Correspondence to Dr R Hume, Neonatal Intensive Care Unit. 
Simpson Memorial Maternity Pavilion, Lauriston Place. Edin- 
burgh, Scotland. 


Received 23 September 1985 


Archives of Disease in Childhood, 1986, 61, 142-147 


Norwalk like viruses: study of an outbreak 


Departments of Child Health and M icrobiology, Queen Elizabeth Hospital for Children, London 


SUMMARY An outbreak of acute nen-bacterial 


gastroenteritis is reported, during which a ward 


had to be closed, and stool samples from 15 patients showed a virus structurally similar to the 


Norwalk agent. 


The Norwalk agent derives its name from an 
outbreak of acute non-bacterial gastroenteritis that 
occurred in Norwalk, Ohio. in 1968.' Subsequent 
transmission of stool filtrates free of bacteria to 
adult volunteers showed that the symptoms could be 
reproduced.” and immune electron microscopy 
showed 27 nm particles.* Even without antibody 
these particles aggregate and have a fuzzy edge, 
thought to represent a surface substructure, which is 
beyond the limit of resolution of the electron 
microscope to define further. Particles with a similar 
appearance have been called Norwalk like viruses.’ 
An experienced microscopist can distinguish such 
particles from other small round viruses seen in stool 
preparations: these include astrovirus, calicivirus, 
and small round featureless viruses.° There are at 
least three antigenically distinct viruses in the 
Norwalk like group,’ and the exact serotype can be 
determined only by immune electron microscopy 
using antibody from infected indivicuals. Such 
antibody is not generally available in this COUNTY, SO 
the agents in our study could be classified only on 
morphological grounds. The Norwalk like viruses 
are thought to be ribonucleic acid viruses of 
calicivirus type.” 

Norwalk like viruses, in contradistinction to 
rotaviruses, are regarded in the United States of 
America as primarily pathogens of olcer children 
and adults.” In developed countries serum antibody 
is acquired chiefly during adolescence, whereas in 
Bangladesh 100% of children have been found to 
acquire antibody by the age of 4 vears.!” The 
population served by our hospital could e seen as a 
mixture of these two extremes. Acquisition of 
antibody does not protect against the disease and in 
fact is associated with recurrent infections by the 
same serotype of Norwalk virus.'' Thus infants are 
not likely to be protected by maternal antibody. 

The illness produced by Norwalk like viruses is 
generally mild, lasting one to two days, with a 





variety of symptoms, including nausea, vomiting, 
diarrhoea, malaise, fatigue, headache, and low 
grade fever. The incubation period is generally one 
to two days.” but may be up to three days." 
Transmission may be by the faeco-oral route, but 
may also be through vomit, which may be aerosol- 
ised, and so cause airborne transmission." 


Methods 


Patients on the open ward were nursed with stan- 
dard handwashing precautions between patients, 
while those in cubicles were nursed with the extra 
precautions of gloves, plastic aprons, and gowns. 

Samples of stool were collected whenever a 
diarrhoeal illness was suspected. usually because of 








Figure Photomicrograph of small round structured 
viruses aggregating spontaneously in stool obtained from 
case J, 


Print magnification « 200 4000 T mm=4-95 am. 
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Taste 1 Temporal and spatial relations of diarrhoea, vomiting, and fever with electron microscopy visualisation of virus 
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Diarrhoea, construcd as a significant increase in the frequency of looseness = N=Smal! round structured viruses of Norwalk virus type seen in stool passed 


of -Dols. on this day. 
V=<Vomiting (not regurgitation). R=Rotavirus seen in stool passed on this day. 
F=-=ver of 373°C or more (axillary). O=Electron microscopy of stool passed on this day disclosed no virus. 


W=.above a box means that the patient was in the open ward for all or part of © OGES=Oral glucose electrolyte solution started on this day. 
tha. day. Unmarked boxes indicate that the patient was nursed in a cubicle. Op=Surgery under general anaesthesia on this day; nil by mouth for a time 
afterwards. 
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Table 2 Clinical details of patients, in chronological order of occurrence of small round structured 


viruses in the stool. The numbering of the days refers to Table I 


Case 7—Diaphragmatic hernia repaired at birth. Admitted four 
days before day 1 for treatment of a chest infection on the open 
ward. He developed diarrhoea and vomiting on day 5, and a stool 
specimen was sent on the first day'of symptoms. Small round 
structured viruses were seen the same day, and he was transferred 
the following morning to the hospital’s isolation'ward, according to 
surgical ward policy. His symptoms gradually settled on treatment 
with oral glucose electrolyte solution: he required two regrades, 
and had small round structured viruses in his stool again on day 9. 


Case 2—Admitted with suspected non-accidental injury to the open 
ward (day 4). She developed diarrhoea and vomiting on day 6, and 
was put into a cubicle on the same day. She responded rapidly to 
oral glucose electrolyte solution despite having a dual infection. 
f 
Case I—Pyloromyotomy and Ladd’s procedure at 3 weeks of age, 
He was admitted on day 1 with a 24 hour history of diarrhoea and 
vomiting. He was febrile and drowsy. Cerebrospinal fluid, chest x 
ray film, and blood cultures showed no infection, but rotavirus was 
seen in the first day's stool, He responded very rapidly to oral 
glucose electrolyte solution, but fe EN developed bile stained 
vomiting, and x ray films showed the!‘double-bubble’ appearance 
of duodenal obstruction. He improvedjafter being taken over by his 
surgical team on day 4, with nasogastric suction and intravenous 
fluids, followed by gradual reintroduction of normal diet. He was 
transferred to the surgical ward (B) on day 5. He did not pass a 
stool for four days and was therefore moved out of his cubicle 
before small round structured viruses were seen in the first stool he 
had passed (day 8) since his episode pf obstruction. He was then 
rapidly discharged. 
| 

Case 3~Second admission with atopic'eczema and failure to thrive. 
He was admitted on this occasion for topical treatment and a diet of 
‘Nutramigen’ only. He seemed to develop two distinct episodes of 
symptomatic infection, the first single and the second dual. Neither 
made him ill, but they both interfered with his weight gain. 


Case 4—Admitted for investigation of failure to thrive, which was 
found to be due to housing problems. 


Case }—Cows’ milk protein intolerance. She was admitted for a 
jejunal biopsy, to be followed by lactose challenge and then milk 
challenge. The lactose challenge had to be abandoned because of 
symptoms related to brief carriage of Norwalk like virus. 

| 
Case &—Congenital anorectal atresid and renal anomalies. The 
former had been treated by colostomy! which made it impossible to 
judge from the nursing records whether she had had diarrhoea. She 
had had meningitis aged 3 weeks, with hydrocephalus and seizures 
as sequelae. She was admitted on this occasion for control of fits. 
Samples were sent because of her proximity to case 7. She had a 
mild febrile illness associated with brief passage of small round 
structured viruses. 


Case 9—Spina bifida and SE nt treated surgically soon 
after birth. She was transferred from her-local hospital because of a 
cerebrospinal fluid leak, and was noted before transfer to be 
passing loose stools, so was put straight into a cubicle. Her 
admission (day 12) specimen contained small round structured 
viruses, as did subsequent specimens up to day 26. There was little 


correlation between viral carriage and symptoms noted at the time, 
but she did have a prolonged period of diarrhoea, attributable to 
the viruses, which settled on treatment with oral glucose electrolyte 
solution started on day 21. She subsequently developed rotavirus. 
Her initial vomiting was thought possibly to be due to raised 
intracranial pressure, and a prolonged fever was attributed to 
problems with her shunt. A second period of diarrhoea could not 
be associated with a virus. Her medical problems do not provide an 
explanation for the apparently prolonged carriage of Norwalk like 
viruses—but these may have comprised more than one strain. 


Case 10—Admitted 44 days before day 1. He had subtotal villous 
atrophy of uncertain cause, which responded to treatment with 
‘Alfaré’ formula feed; pelviureteric junction obstruction; and 
transient abnormalities of T cell function. His immunity was 
normal at the time of this infection. His symptoms show no clear 
relation to carnage of small round structured viruses. 


Case 1i—Bronchiolitis. She had a brief episode of gastroenteritis 
clearly associated with carriage of small round structured viruses, 
but not severe enough to require treatment with oral glucose 
electrolyte solution. 


Case 6—Failure to thrive. On admission to the ward (day 5) she 
was put in the cubicle vacated by case 1. On day 7 she was moved 
out of a cubicle and was put back in when the ward was reopened 
on day 13. Only one of a number of stools was seen to have smal] 
round structured viruses, and she had mild symptoms over an eight 
day period, at least some of which could be attributed to this. 


Case 12—Admitted eight days before day 1, with pertussis. She had 
frequent episodes of vomiting with coughing spasms, so ‘V' was 
entered in Table 1 only if this seemed to be more than usual. She 
also seemed to have frequent loose stools, which settled on the one 
occasion when oral glucose electrolyte solution was given, but did 
not bear a very clear relation to carnage of virus (she was 


discharged on day 29). 


Case 13—Panhypopituitarism due to congenital toxoplasmosis. He 
was admitted with hypernatraemia nine days before day 1; some of 
his vomiting may have been related to electrolyte or cortisol 
imbalance. He did, however, have mild diarrhoea and vomiting 
associated with carriage of small round structured viruses, and this 
may possibly have contributed to problems adjusting the dosage of 
his replacernent hormones (he was discharged on day 47). 


Case 14—Elective hernia repair on ward B. She developed 
gastroenteritis three days after discharge and was treated as an 
outpatient in casualty because of a shortage of cubicles. After a 
poor response to treatment with oral glucose electrolyte solution, 
she was admitted to ward C, where her symptoms settled. 


Case 15—T cell acute lymphoblastic leukaemia. She was receiving 
intensive induction chemotherapy. A prolonged fever was 
thoroughly investigated, and the only identifiable cause found was 
a Norwalk like virus, whose stool carriage seemed also to be 
prolonged. Her neutrophil count was negligible until day 34, and 
did not begin to approach safe levels until day 45—much later than 
envisaged in the treatment protocol, which therefore had to be 
adjusted. This was blamed at the time on the virus. 
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ore or more loose stools, as a follow up on patients 
al-eady found to be excreting Norwalk like virus. 
ard on some contacts of infected patients. The 
samples were sent for light microscopy, bacterial 
culture, and electron microscopy (performed by 
D_), according to ward policy, with the follow up 
ard contact specimens being sent for electron 
m eroscopy only. Stool was not routinely cultured 
far viruses (Norwalk like viruses cannot be isolated 
in viral culture at present). Specimens of vomit were 
net, unfortunately, sent for electron microscopy. 

Stools were prepared as 30% suspensions in 
distilled water and examined by a direct electron 
m_eroscopy method.'* Some were stored at —20°C 
be bore examination. All the viral particles observed 
from the outbreak and classified as small round 
st-uctured viruses of Norwalk type had a similar 
morphology, with an indistinct substructure, a fuzzy 
ecge, and an approximate diameter of 30 nm 
(Fure). 


Results 


Table | shows the temporal and spatial relations of 
derrhoea, vomiting, and fever with electron micro- 
scopy visualisation of virus. Each box represents a 

ay during admission. The 15 patients were those 
fcund to have Norwalk like virus in stool specimens 
sent during a 26 day period. This period was chosen 
tc include all possible links to the apparent out- 
break. No other patients in the hospital were known 
tc have small round structured viruses during these 
2edays. The key explains the symbols used. Ward B 
is a surgical ward, the others medical. Potentially 
relvant details were extracted retrospectively from 
rcwutine medical notes and nursing charts. Table 1 
st ews also when patients were in cubicles and when 
on the open ward. Two of the patients had 
apoarently prolonged carriage and so are the sub- 
jects of a continuation of the Table beyond the 
arbitrary day 26. 

Table 2 gives the reasons for admission and 
additional clinical details of the patients. 

No child became significantly dehydrated in 
association with small round structured viruses. 
Ame children were treated with oral glucose electro- 
lyte solution, and only case | required additional 
tmatment for gastroenteritis. He required in- 
travenous fluids at the time of rotavirus excretion, 
axi again at the time of duodenal obstruction, which 
Wes interpreted as a complication of his previous 
sargery. albeit in retrospect associated with infec- 
tion by Norwalk like virus. Patient 15 required 
intravenous fluids as part of her chemotherapy for 
leukaemia. 

Ward A had the most pronounced spatial and 
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temporal clustering of cases. Several nurses. the 
ward teacher, and a physiotherapist also became ill. 
No doctor admitted to having relevant symptoms. 
Samples were unfortunately not received from any 
of these adults. On all specimens sent bacterial 
cultures were negative for salmonella, shigella, 
enteropathogenic Escherichia coli, campylobacter, 
and aeromonas species, as was light microscopy for 
ova, cysts, and parasites, including cryptosporidia. 

When it became clear, on day 8, that the number 
of free cubicles in the hospital would not be 
sufficient for the number of patients with loose 
stools, ward A was closed to admissions, and treated 
as one large cubicle. Patients were sent home when 
possible, or regarded as non-infectious when at least 
one stool specimen had no small round structured 
viruses on electron microscopy. When the number 
of patients giving rise to doubt had been sufficiently 
reduced (day 13) these were transferred to indi- 
vidual cubicles, and the ward was reopened. 

The clinical picture of disease attributable to 
Norwalk like virus in this study is generally mild. In 
most children, it caused a brief episode of gastroen- 
teritis; in a few of these the purpose of admission 
was compromised (cases 3, 4, 5, and 6). In some 
with pre-existent disease it seemed to contribute to 
complications (case 1). Combined virus infections 
including Norwalk like virus have been reported to 
cause more severe symptoms than Norwalk like 
virus alone.'” and this may have contributed to the 
clinical picture in case 1, but seems to be of no 
relevance to cases 2, 3, or 9. 

Because of the method of ascertainment of cases 
there is clearly a bias towards the correlation of gut 
symptoms with carriage of small round structured 
viruses. The relation is nevertheless tenuous in some 
cases (cases 8. 9, 10, and 12), suggesting that 
asymptomatic infection may occur more commonly 
than we have been able to show. 


Discussion 


Because the data are retrospective many un- 
answered questions remain. The initial impression 
of an ‘outbreak’ came not only from the number of 
patients with symptoms of gastroenteritis on the 
ward at once, but also from the number of staff who 
became ill. 

Even when a stool sample is sent at the time of 
peak excretion of virus, electron microscopy is 
almost certainly not as sensitive at detecting small 
round structured viruses as at diagnosing rotavirus 
infection. Allowing in addition for incomplete send- 
ing of samples. there must have been significant 
under ascertainment, 

Identification of the pattern of spread is made 
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highly speculative by the numerous possible modes 
of transmission. Asymptomatic carriage enables 
faeco-oral transmission to take strange routes. 

Aerosol inhalation seems to occur,!? and adult staff 
may, as with other viral infections, transfer the virus 
in respiratory droplets. The vifus must have quite a 
high prevalence in the community to account for 
cases occurring in our hospital all the year round. 
Visiting adults and children may therefore transmit 
the organism to inpatients. Also contamination of 
surfaces is possible in spite of routine cleaning and 
disinfection procedures and may have been a further 
source of infection. 

We had no way of distinguishing serotypes: two or 
more’ may have been involved, and the patients 
with apparently prolonged carriage (cases 9 and 15) 
may actually have been reinfected with a different 
strain, as has been described! with rotavirus. 6 

As no overlap in medical or nursing staff could be 
found between cases 7 and 2, i nor any proximity of 
address, it was considered that case 1 must be the 
link between wards A and B, which was why he was 
put first in Table 1. He shared surgical staff with 
case 7, even before he moved wards, which might 
explain a transmission, through vomit, that would 
otherwise be backwards in time. There are, of 
course, alternative explanations for the simul- 
taneous occurrence of cases on the two wards: it 
might even have been coincidence. 

Case 2 developed a dual infection after two 
asymptomatic days on the ward. Although she was 
possibly incubating both the infections during these 
two days, the evidence seems more in favour of the 
hypothesis that she acquired them from case 1, 
despite his being in a cubicle at the time. 

The subsequent cases on ward A are unlikely to 
have been coincidental, although case 9 on ward B 
probably was. 

The four patients in cubicles on ward C in whom 
small round structured viruses were detected within a 
two day period are very suggestive of a common 
source. This was thought at the time to be the house 
physician involved directly with the care of cases 6, 
10, and 11, and indirectly with the care of cases 5, 
12, and 13. He apparently had no symptoms. 

Infection with Norwalk like virus was Originally 
thought to be a winter disease," but outbreaks have 
occurred at all times of year.’ In a previous study at 
this hospital the peak incidence of Norwalk like 
infections—presumably acquired in the community, 
at least principally—-was in March, April, and 
May.'° The collection of cases we report here 
occurred at the end of January and during February 
(day 8=1 February). 

Outbreaks of infection with Norwalk like viruses 
are common world wide. A review of 24 such 


outbreaks includes five common source epidemics, 
due to contaminated water or food, and 17 episodes 
in institutionalised communities.® A minority of the 
latter type have occurred in hospitals, including a 
psychogeriatric unit,!* a maternity unit," and a 
children’s asthma research institute. Patient to 
patient spread was shown to be associated with 
symptomatic excretion by nursing and medical 
staff.! 


Conclusion 


Nosocomial infection with Norwalk like viruses may 
well be commoner than is generally realised. With 
the benefit of electron microscopy identification on 
morphological grounds, we have shown that signifi- 
cant spread of infection, albeit causing a generally 
mild illness, seems to occur in spite of standard 
nursing procedures and even isolation precautions. 


We thank Professor J A Walker-Smith for helpful advice and Mr 
J H Spender for the typography of Table 1. 
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Evolution of neonatal intensive care in a district 


general hospital 


S K M JIVANI 
Queen’s Park Hospital, Blackburn 


SUMMARY Before 1975 in Blackburn in the Premature Baby Unit monitoring facilities were 
limited. Ambient oxygen: monitoring, blood gas analysis, and ventilation were not being 
performed. Gradually, special care was introduced and from 1978-80 all babies requiring 
intensive care and long term ventilatory care were transferred to the Regional Neonatal Intensive 
Care Unit. Not all babies with incipient or established respiratory failure, however, could be 
accepted, and those declined had unfavourable outcomes. In 1981 local intensive and ventilatory 
care was begun, and since then the survival of all babies has improved considerably. Our early 
neonatal mortality and neonatal mortality have fallen below the regional levels. In a district 
general hospital it is possible to achieve survival figures comparable with those of a regional 


centre. 


Several reports have drawn attention to deficiencies 
in standards of perinatal caré in Britain and have 
recommended improvements.'> Regional organisa- 
tion of neonatal intensive care has been widely 
developed in this country, and some large districts 
have also developed intensive care facilities.° Some 
regional centres accept all low birthweight babies, 
whereas others accept mainly babies with respira- 
tory failure.’ One author in a leading article 
questions the advisability of providing intensive care 
in most special care units: ‘A conventional special 
care unit cannot become an intensive care unit 
overnight by the purchase of one or two mechanical 
ventilators’ .® 

A service directed towards incipient or estab- 
lished respiratory failure has its limitations, for 
when sick neonates requiring mechanical ventilation 
cannot be accepted, then their outcome is 
unfavourable.” This report examines the parallel 
development of a district neonatal intensive care 
unit alongside the regional intensive care unit and 
evaluates the results of such:a policy. 


Patients and methods 

Blackburn, Hyndburn, and Ribble Valley Health 
District covers an area of 305 square miles. The total 
estimated residential population in 1983 was 
272 900. Consultant maternity and special care are 
provided at Queen’s Park Hospital. There are three 


general practitioner maternity units six to 10 miles 
from the main umit. 

There is one special care unit with 20 cots. In 1975 
it was known as the Premature Baby Unit. Monitor- 
ing facilities were very limited. Intubation, con- 


.tinuous monitoring of apex, respirations, ambient 


oxygen concentration, and blood gas analysis were 
not carried out. The Unit, however, had a high 
occupancy, and our early neonatal mortality (deaths 
within the first week) and neonatal mortality (deaths 
in the first 28 days) were higher than the North West 


. Region. 
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The initial priority was to provide special care, 
with basic nursing and medical care—for example, 
more efficient resuscitation, better monitoring of 
vital functions, ambient oxygen concentration, and 
temperature control—together with close bio- 
chemical monitoring and early- feeding. 

Although the Regional Intensive Care Unit at St 
Mary’s Hospital, Manchester, was keen to assist 
district hospitals with ventilatory support, we were 
able to transfer only babies who were robust enough 
to survive locally without early ventilatory support. 
By 1978 special care was well established and in 1979 
we were able to offer some intensive care but we 
were relying on the Regional Centre to provide long 
term ventilatory support. Also from 1978 onwards 
we were able to transfer babies weighing less than 
1000 g. In 1979 ventilation was first introduced. In 
1979 most babies were ventilated for less than 24 
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hours. This was given either as a temporary support 
before the regional flying squad arrived or as a last 
ditch effort when the baby had reached end stage 
respiratory failure. 

Ey 1980 it became obvious to us that the Regional 
Cestre could not accept all the babies requiring 
vertilatory care. Hence in 1981, with the appoint- 
meat of a third paediatrician, we embarked on long 
term intensive care. Now the only indication for 
tramster to the Regional Centre is shortage of 
nursing staff, or when all four ventilators are in use. 
In utero transfer is only undertaken when the Unit is 
full, or there is a very unusual problem such as 
severe Rh disease. This is done after discussion with 
local paediatricians and the Regional Unit. Babies 
wita major surgical conditions are all dealt with at 
the Regional Centre. 





Results 


The annual total births in the district has varied from 
3715 in 1975 to 4005 in 1984. Of the 11 923 total 
births in 1982-84, 9-5% (1129) were below 2500 g 
(regional percentage 7-8) and 21-7% (2585) were to 
Asian mothers (regional percentage 12). In the 
years 1976 and 1977, while special care was being 
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developed, only seven babies weighing more than 
1000 g were transferred to the Regional Centre for 
ventilation, and none below 1000 g were trans- 
ferred. From 1978-80, 46 babies were transferred, 
12 of whom were below 1000 g. From 1981 onwards 
only an occasional baby has been transferred for the 
reasons already stated. 

With the introduction of intensive care the work- 
load of the Unit has increased several fold. In spite 
of this, the total number of admissions to the Unit 
has progressively fallen. In 1975 roughly 15% of all 
births were admitted to the Unit. The figure for 1984 
was 6:3% (251). Figure | shows how the workload 
of the Unit has steadily increased. Initially, ventila- 
tion was provided only for terminal respiratory 
failure. But as our experience grew babies with 
deteriorating blood gases were ventilated without 
hesitation. The number of intravenous infusions 
increased as more peripheral veins were used for 
parenteral nutrition. The average length of stay 
went up from &-6 days in 1977 to 16-3 days in 1984. 
This is due to the increased length of stay of very low 
birthweight babies. Now the average length of stay 
of babies weighing less than 1000 g is 104-6 days, of 
babies weighing 1000-1500 g is 51-8 days, and of 
babies weighing more than 2500 g is 52 days. 


uy 
© 









~~ 
© 


mj 
© 


monde 
CS 





CW QQ Qi AWWW 
SS SSBVBVI@ 4A 





w 














4 Tp E, 
1978 79 80 81 8283 84 
Babies ventilated 


Ls 


£) 


Distribution of the yearly workload in the Unit for the years 1978-84, 


150 Jivani 


Table 1 shows the percentage survival for venti- 
lated babies of different weight groups. In 1979, 11 
of our babies weighing greater than 1000 g were 
ventilated at the Regional Unit, of whom eight 
(73%) survived, whereas of the five babies venti- 
lated locally only one (20%) survived. In 1981 (first 
year of local long term ventilatory care) our survival 
rate of all babies ventilated was similar to 1980 when 
_ most babies were transferred to the Regional 
Centre. Of the 56 babies over 1000 g ventilated 
locally for respiratory failure in the years 1983-84, 
46 (82%) survived. With experience our survival 
rate for ventilated babies weighing less than 1000 g 
has improved. considerably. ‘The survival rate of 
babies weighing 1000 g or less transferred to 
Manchester was 33% (1979)'and 25% (1980), and 
none of the babies ventilated locally survived until 
1982 when the survival rate was 45% (11 babies). Of 
the 17 babies ventilated weighing 1000 g or less in 
the years 1983-84, 10 (59%) survived. 

Ventilatory care is only one aspect of intensive 
care, and when the Unit is geared to providing 
intensive care in all its aspects the survival of all 
babies improves dramatically. Our survival rate of 
all babies weighing 750-1000 g was only 44% in 
1978. In the years 1983-84 this had reached 78%, 
and the survival rate of babies weighing 1001-1500 g 
in 1983-84 was 87%. Although the workload of the 
staff has increased considerably in looking after very 
immature babies, this has not adversely affected the 
survival of larger babies (Table 2). 


Our survival figures for babies weighing below 
750 g remains poor (Table 2). Two babies below 
750 g (both weighing 720 g) were ventilated in 1982, 
one for 55:days and the other for 58 days. To date 
both are developing normally except that one of 
them has sensory neural deafness, though her 
speech is normal. In 1984 a baby weighing 600 g was 
ventilated for 50 days. It is too early to predict her 
outcome. 





1973 74 75 7% 77 78 79 80 81 82 83 84 
Year 
Fig.2 Comparison of early neonatal mortality in 
Blackburn District Hospital and the North West Region for 
the years 1973-84 (——= Blackburn; - - ~ — -= North 
West Region). 


Table 1 Number (percentage) survival of ventilated babies, excluding those with lethal congenital malformations 


All babies 

RNICU Blackburn Total RNICU 
1978 16 (50) so 16 (50) 5 (60) 
1979 14 (64) 6 (17) 20 (50) 3 (33) 
1980 16 (62) 7 (57) 23 (60) 4 (25) 
1981 3 (67) 13 (61) 16 (62) 0 (0) 
1982 3 (33) 13 (70) 36 (67) 0 (0) 
1983 1 (100) 31 (77) 32 (78) 0 (0) 
1984 0 (0) 42 (76) 42 (76) 0 (0) 


Babies weighing <1000 g 


Babies weighing > 1000 g 


Blackburn Total RNICU Blackburn Total 
nae one 5 (60) 11 (45) one 11 (45) 
1 (0) 4 (25) 11 (73) 3 (20) 16 (56) 
1 (0) 5 (20) 12 (75) 6 (65) 18 (72) 
3 (0) 3 (0) 3 (66) 10 (80) 13 (77) 
11 (45) I1 (45) 3 (33) 22 (81) 25 (76) 
8 (62) 8 (62) 1 (100) 23 (83) 24 (83) 
9 (56) 9 (56) 0 (0) 33 (82) 33 (82) 


RNICU™Blackbern babies transferred to Regional Necnatal Intensive Care Unit for ventilation. 


Table 2 Percentage survival of babies of various birthweights (values are total No of live births (% survival)) 


Weight groups {g} 

<750 750-1000 1001-1500 
1975-76 — 19 (15-8) 45 (60-0) 
1977-78 1 (0) 16 (31-2) 31 (58-0) 
1979-80 13 (0) 16 (43-8) 58 (79-3) 
1981-82 11 (27-2) 14 (57-1) 47 (78-7) 
1983-84 6 (16-7) 18 (77-7) 63 (87-3) 





1501-2000 2001-2500 > 250] Total 
86 (767) . 440 (96-1) 6690 (99-5) 7280 
114 (90-4) > 401 (97-5) 6656 (99-7) 7219 
107 (93-5) 496 (98-8) (99-7) 7959 
117 (98-3) 479 (99-2) 7280 (99-8) 7948 
139 (95-0) 509 (99-0) 7124 (99-8) 7859 
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mu Seinen mortality in ie was 17 (North 
5-6 (North West 
Rezion 6 5), ai in 1984 ‘it was 5. 4 (North West 
Region 5-3). Our early neonatal mortality in 1975 
was 14 (North West Region 10-2). In 1983 it was 4-1 
(North West Region 5-3), and in 1984 it was 4-3 
(North West Region 4-4) (Fig. 2). Today, the 
commonest causes of our neonatal mortality are 
letal congenital malformations (512%). babies 
weighing jes ss than 1000 g (21%), and asphyxia 
(116%) 





Diecussion 


Several reports have drawn attention to deficiencies 
in standards of perinatal care in Britain.“ Very ill, 
low birthweight babies require a high standard of 
cam with scrupulous attention to nursing and 
medical care. Regional intensive care units have 
been established in all regions, but the pattern of 
referral of these units varies. In the North West 
Region St Mary's Hospital. Manchester, provides a 
pattern of referral that is essentially crisis orientated 
and directed towards babies with incipient or 
established respiratory failure.’ The demand for this 
service 18 increasing and many babies for whom 
transfer is required cannot be accommodated. The 
percentage of requests for transfer that were de- 
chaed to individual hospitals ranged from 17-73%.” 
The neonatal survival of babies declined transfer 
compared unfavourably with the babies who were 
trawsferred.” During 1979-80 we found that if babies 
were declined transfer they not only stretched our 
resources but also that those babies that were 
off2red long term ventilation did rather badly. 
From 1981 long term ventilatory and intensive 
care has been provided locally. This was made 
porsible by the establishment of an additional 
cor sultant paediatrician with experience in neonatal 
Intensive care. Over the course of time the nursing 
sta? establishment was increased. In 1975 there was 
ony one sister in the Unit, but by 1984 this had been 
increased to nine. It was important for nurses to 
recsive adequate training, and hence in 1977 a sister 
was seconded to a regional unit for the Joint Board 
for Clinical Nursing Studies Course 400 (now named 
40°). From then onwards each new sister appointed 
has been seconded to a re gional unit for further 
traning. By 1984 we had six sisters with such 
qualifications. The District Authority has accepted 
the «mportance of trained neonatal nurses and has 
fumced all the secondments. Initially, the number of 
jumor paediatric staff was small, but by 1980 we had 
twe senior house officers wholly working with 
necaates. By 1981 we had two second on call senior 
howse officers, and these with the registrar have 





provided one in three intermediate resident cover. 
The second on call also provides cover for general 
paediatrics. 

Initial equipment for the Unit was provided by 
voluntary bodies, but the Health Authority has also 
provided equipment from the end of year unused 
money. We still rely heavily. however, on the 
generosity of local voluntary organisations who raise 
money for the Unit. 

Babies can with efficient transport techniques 
receive care in the regional centre. The District 
Special Care Baby Unit can provide a good level of 
anticipatory care for high risk neonates. This re- 
quires a doctor with neonatal experience to be 
available at short notice (registrar or senior house 
officer). Facilities for monitoring heart rate. skin 
temperature, ambient oxygen concentrations, ar- 
terial blood gases, effective management of apnoea, 
and intervention before the baby deteriorates too 
far should now be available in all special care baby 
units, but this is no longer sufficient in some regions. 
Many referral units cannot accept all babies.’ even 
though they may have established respiratory 
failure. 

In Blackburn we have managed to progress from 
premature care in 1975 to long term intensive care 
within five years. Our survival rate of all babies 
ventilated has steadily improved from 60% in 1980 
when most babies were transferred to the Regional 
Centre to 76% for all babies ventilated and 82% for 
babies ventilated weighing greater than 1000 g when 
all babies were ventilated locally. The most striking 
improvement has been in the survival of babies 
weighing 750-1000 g (survival rate 78%), 1001- 
1500 g (survival rate 87%) and 1501-2000 g (surviv: al 
rate 95%), although this has not occurred at the 
expense of larger babies. The causes of neonatal 
death have altered, and now most babies die of 
lethal congenital malformations, extreme pre- 
maturity (weight below 1000 g), or asphyxia. 

Greatly increased survival of immature babies, 
however, means increased facilities will be required 
outside the neonatal intensive care. Many of these 
babies will have readmissions, especially in the first 
year of life, to the children’s ward. They also need 
careful developmental surveillance, including search 
for learning difficulties at school age. 

Unless many subregional centres are to be estab- 
lished as recommended by the report of the House 
of Commons Social Services Committee on peri- 
natal and neonatal mortality the oniy solution iies 
in encouraging large districts to carry out their own 
intensive care and relying on regional units to help 
out small units. This will encourage recruitment and 
improve the morale and training of staff employed 
in large district general hospitals. Close liaison with 
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the regional unit and regular visits from regional 
neonatologists to the district hospital, however, is 
essential. In this respect we have been fortunate in 
establishing very close links with the regional 
centres and have had helpful criticisms in the 
management of our babies. 

Besides the inability to accept all babies there are 
other disadvantages in regionalising intensive care. 
Parents have great difficulty in visiting babies at 
regional centres, both in terms of distance and 
expense. Low birthweight babies stay in the Inten- 
sive Care Unit for considerable periods. This has 
obvious implications for bonding and breast feeding. 

We certainly agree with Congdon and Lelman 
that large districts can provide satisfactory intensive 
care for low birthweight babies. The development 
of large regional intensive care units is not the only 
answer for all regions, as has been pointed out by 
the Maternity Services Advisory Committee.'° The 
size, birth rate, and distribution of hospitals and 
their facilities differ among regions, and there is no 
one blue print for organisation of neonatal intensive 
care. E 
I thank Drs J W T Benson, M J Chiswick, and C Fossard for helpful 
criticism and Mrs M Robbins and Mrs M Hunt for their help. 
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Immunoregulatory treatment for minimal change 
nephrotic syndrome 


K P MEHTA, U ALI. M KUTTY, AND U KOLHATKAR 


Nephrology Division and Research Laboratory, Bai Jerbai Wadia Hospital for Children, 
Perei, Bombay, India 


summary Immunological studies were performed in 18 children with minimal change nephrotic 
syndrome proved by biopsy examination during relapse and in 15 age matched controls. All 18 
ctildren showed dysfunction of cell mediated immunity as evidenced by low absolute lymphocyte 
count, low blastogenesis index in response to phytohaemagglutinin stimulation, and reduced skin 
sensitivity to dinitrochlorobenzene when compared with controls. All 18 patients had low serum 
IeG concentrations, while the IgA, IgM, and C; concentrations in the serum were within normal 
hmits. 

Based on the evidence of depressed cell mediated immunity, 14 patients with nephrotic 
syndrome were treated with an immunoregulatory drug /-tetramisole (levamisole) for a period of 
2@-24 weeks. Six patients went into complete remission within 4-20 weeks of treatment, a further 
siz patients went into partial remission, while two did not respond. 

On follow up (six to 24 months after stopping levamisole), of the six patients who achieved 
complete remission, four continued to maintain the state and two relapsed after roughly six 
months. Of the six patients who achieved partial remission, two went into complete remission, 
two continued to be in partial remission, and two relapsed. 


A variety of immunological alterations have been of the renal biopsy specimen obtained percutaneously 
showed a minimal lesion in all 18 cases on light 
Conventional treatment with steroids and immuno- microscopy; the immunofluorescence was negative 
suppressants, although inducing a remission of the in all except one, which had faint deposits of IgM in 
nephrotic state, increases the risk of severe life = mesangium. 


threatening infections in these children by further The patients were further classified according to 
depressing the cell mediated immunity. whether they had (a) single attacks, (b) infrequent 


This study was undertaken to evaluate the im- relapses (<three a year), (c) frequent relapses (> 
mainological state of children with minimal change two in six months or > three a year). None of them 
nephrotic syndrome in relapse who were not being were receiving any immunosuppressants at the time 
given any immunosuppressive treatment and tọ of the study. Only two had earlier received cyclo- 
asxess the role of levamisole, an immunoregulatory | phosphamide, and that was more than two years 
drug, in the management of this disease in those before the present study. Immunological studies 
w10 showed evidence of dysfunction in cell medi- were undertaken on all these patients. 
ated immunity. 

Tests for cell mediated immunity. These were (1) 
Patients and methods absolute T lymphocyte count by sheep red blood cell 

rosette formation; (2) blastogenesis by phyto- 
E.ghteen patients with nephrotic syndrome and 15 haemagglutinin stimulation; and (3) skin testing for 
controls, all aged between 1 and 12 years, were delayed hypersensitivity to neoantigen dinitrochloro- 
studied. benzene. 

All 18 patients had anasarca with proteinuria 
>40 mg/m?/24 hours. hypoalbuminaemia <2-5 g/dl ‘Tests for humoral immunity. These were (1) abso- 
aad hypercholesterolaemia 2200 mg/dl. Histology lute B lymphocyte count by rosette formation, and 
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(2) estimation of T line IgG, IgM, and 
IgA in serum by electroimmurloassay (Rocket tech- 
nique). : 


Complement system. Estimation of C; component in 


serum was by single radial e 


Treatment with levamisole. Fourteen patients were 
given levamisole (2-5 mg/kg bady weight) as a single 
dose at bed time either daily or on alternate days for 
a period of 20-24 weeks. During this period they 
were observed clinically with) special reference to 
weight, blood pressure, oedema, and the number 
and severity of infections. Laboratory monitoring 
was performed weekly by blood count and complete 
urinalysis and monthly for blood urea, serum 


tions. Serum proteins and cholesterol were assessed 
at the end of treatment. Immunological studies were 
repeated when possible at the end of treatment. 
Response was termed as complete remission when 
the urine was free of albumin in three consecutive 
samples. Partial remission was when there was a 
reduction in proteinuria to + or ++ and the patient 
was free of oedema. No response was when there 
was no reduction in proteinuria. The patients were 
followed up for six months to two and a half years to 
assess their nephrotic state. 


Results 


There were 18 patients in relapse aged 1-12 years 
and 15 age matched controls. Tables 1 and 2 show 


creatinine, and 24 hours urinary albumin concentra- the results of their immunological studies, respec- 
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Table 1 Results of immunological study in I8 patients with minimal change nephrotic syndrome 





Skin reactivity 





Cate Heemo- Serum Absolute T cell B cell Phyto- RG IgA IgM 
no globin albumin to dinitro- mononuclear count count haemagglutinin (mg/dl) (mg/d!)  (mẹidl) 
(gil) (g/dl) chlorobenzene cell count (per me’) (perma) indexa 
(grade) ` (per mm) 72 hours 
I 114 2-0 2 5587 1898 509 3-8 50 84 176 
2 128 1-4 2 3696 1182 813 2-1 400 124 190 
3 136 ` 10 3 1449 648 403 1-8 640 94 129 
4 97 0-8 0 3744 1835 973 1-2 520 80 146 
5 88 0-6 2 3328 1265 765 3-8 340 92 138 
6 118 21 2 4575 1007 685 3-6 528 74 260 
7 114 2-2 0 1760 387 176 3-9 400 74 140 
8 118 0-6 2 4312 1207 1035 2-8 580 68 120 
9 100 1-8 2 3432 1304 3 62 840 114 138 
10 132 0-9 ] 5928 512 1363 3-0 480 84 180 
ik 112 0-6 6 2331 652 303 2-6 460 100 136 
12 125 25 0 3432 1510 412 1-2 380 64 120 
13 104 1-9 2 3808 1312 609 3-2 840} 110 143 
14 110 1-5 2 2430 1956 437 3-6 480 48 120 
15 100 3-4 l 2343 1267 398 2-4 620 72 14] 
16 120 1-2 8 3393 1243 238 4-9 720 96 134 
17 114 1-5 1 4012 1387 422 36 840 84 126 
18 108 1-8 Q ‘ 6574 1942 1052 3-4 800 192 134 
Table 2 Results of immunological study in the 15 controls 
Case Haemo- Serum Skin reattivi Absolute T cell B cell Phyto- IgG IgA IgM 
no globin albumin to A ERE mononuclear count count haemagglutinin (mg/d!) (mgldl)  {mgidl) 
igil) (gidi) ceil count (per mor’) (per mni) index at 
jis ta | (per me’) 72 hours 
1 142 3-9 3 | 4800 3168 1056 5:8 1100 101 143 
2 135 3-2 2 6200 4216 1426 6-6 30 94 186 
3 110 4-6 4 2920 1119 525 74 1349 97 96 
4 132 3-8 3 | 8000 5120 1120 4-4 1760 101 89 
e 18 3-9 4 11000 6490 1546 10-8 1406 126 181 
6 112 35 Negative 12000 7440 2320 6-4 629 97 128 
7 116 3-6 3 ; 3800 2242 646 4.5 622 180 201 
8 i13 4-1 4 i 4800 3168 672 3-9 934 190 190 
9 118 3-7 3 ' 3200 1888 480 69 1760 120 136 
10 HH 34 4 4200 2394 672 3-8 1100 120 97 
11 133 3-9 3 4000 2320 720 6&8 688 160 81 
12 128 3-6 4 ! 4600 2714 644 3-9 948 138 201 
13 122 3-7 4 3800 2808 608 9-4 1100 180 56 
14 147 39 3 | 2400 1512 432 4-8 $00 101 138 
15 120 3-3 3 | 3690 2374 792 7-8 990 124 134 
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tive. The statistical analysis of these results are as 
fol-ows. 

“te absolute T lymphocyte count in patients with 
nepcrotic syndrome had a mean (SD) value of 1387 
(52°). The mean (SD) value for the control group 
was 3265 (1808) (p<0-001) (Figure 1). The blasto- 
genesis index to phytohaemagglutinin stimulation at 
72 bours was 2-87 (1-17, SEM 0-284) in the patients 
whi= the mean (SD) value for the control group was 
6-2 2-01, SEM 0-539) (p<0-001) (Figure 2). The 
skar reactivity to dinitrochlorobenzene was grade 2 
or Ess in 16 patients, while in the control group 13 
hata response of grade 3 or 4. The mean (SD) value 
for zhe absolute B lymphocytes in nephrotics was 
661.°391). In the control group it was 910 (512). The 
dif=rence was not significant. The serum IgG 
cosrentrations in the nephrotic group was 576 mg% 
(S> 164, SEM 39) and in the controls was 1072 


_ mg2 (SD 348, SEM 93) (p<0-001). 


Tae mean (SD, SEM) value for IgA concentra- 
ticrs in the patients with nephrotic syndrome was 87 
(13 4). In the controls it was 128 (32, 8). The 
ditfrence was not significant. The IgM concentra- 
ticns in the patients with nephrotic syndrome were 


Absolute T cels 
eee 


Absolute B cells 


Count {per mm3} 





o 888 


T cell B cell 


Fi-1 Absolute T and B cell lymphocyte counts in the 
grcap withiminimal change nephrotic syndrome (n=18) 

ard the control group (n=15). 

Pet=nts with the syndrome are shown by Ò, controls by @ (p<0-00] for 


atseaute T cell coun:; p not significant for absolute B cell count). Values 
shoan are the means. 


Biastogenesis index value 


12 





Control group 


MCNS group 

Fig. 2 Blastogenesis index to phytohaemagglutinin 
stimulation at 72 hours in the group with minimal change 
nephrotic syndrome (MCNS) (n=18) and the control group 
(n= 15). 

p<0-061. Value shown is the mean. 


150 (SD 33, SEM 8). In the controls it was 140 (SD 
41, SEM 11) (Figure 3). The serum complement 
concentrations in both the groups were within 
normal limits. 


Results of treatment with levamisole. Fourteen 
patients with nephrotic syndrome were treated with 
levamisole. Their ages ranged from 1 to 12 years. 
Two were aged under 2, six between 2-5, and six 
over 5. There were eight boys and six girls. Six 
patients were seen in the first attack and had never 
received steroids, while out of the remaining eight 
cases responsive to steroids five infrequently re- 
lapsed and three frequently relapsed. One of those 
who frequently relapsed was also steroid dependent: 

Of these 14 patients, six had complete remission, 
six had partial remission, and two did not respond to 
levamisole. The time taken to achieve remission 
varied from between four and 20 weeks: of treat- 
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control group (n=15). 
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Fig. 3 Serum IgA, IgG, and “ concentrations in the group with minimal change nephrotic syndrome (n=18) and the 


Patients with the syndrome are shown by O, controls by $, Values shown are the means. 
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ment, occurring slightly earlier (four to 12 weeks) in 
those who were on daily treatment. All the six 
patients aged over 5 showed} a good response to 
treatment with levamisole; three went into complete 
remission and three into partial remission. Two 
patients who did not respond were aged under 5, 

one seen in first attack and theiother who frequently 
relapsed. Of six patients seen in the first attack, four 
went into complete and one into partial remission. 

Of the five patients who infrequently relapsed, one 
went into complete remission and four into partial 
remission. Of these four in partial remission, two 
went immediately - into complete remission after 
stopping treatment with levamisole. Of the three who 
frequently relapsed, one went into complete remis- 
sion, one into partial remission, and one failed to 
respond. None of the 14 patients suffered from any 
severe infection during the six months. There was a 
reduced prevalence of infections most noticeable in 
six patients who had more than five episodes of 
severe infections in the previous year. 


a | . 
Side effects. Minor side effects were seen in those 


i 
t 


receiving daily treatment. These included vomiting 
in three cases, rash in one, and transient haematuria 
in two. 

On follow up of 12 patients who showed an initial 
response to treatment with levamisole in the form of 
complete or partial remission, 6 months after 
stopping treatment, seven were in complete remis- 
sion (five of six from the complete remission group, 
two of six from the partial remission group). Two 
were in partial.remission,. and three relapsed. 
Follow up of one to two years showed 7 of 12 in 
complete remission and 1 of 12 in partial remission. 


Immunological studies after treatment with levami- 
sole. T cell, B cell enumeration and blastogenesis 
index was repeated in two patients after remission 
induced by levamisole. In both these patients the 
blastogenesis index had increased. Immunoglobulins 
were repeated in seven patients. Six (five in com- 
plete and one in partial remission) showed increase 
in IgG concentration to more than twice the 
pretreatment values. In one patent in partial 
remission the IgG concentration was still low. 


-4 
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Diaussion 


Inčestions account for more than half the deaths due 
to minimal change nephrotic syndrome.* They are 
alsc responsible for the considerable morbidity seen 
in his disease. This increased vulnerability to 
inte=tion can be accounted for by the depression in 
th2 immunological system as seen by the low cell 
count, depressed blastogenesis, poor skin reactivity 
to cinitrochlorobenzene, and low serum IgG con- 
cearations. 

Teecreased response of lymphocytes to mitogens 
has been described in active nephrotic syndrome by 


several authors,>”’ as has the poor skin reactivity to 
5 


dinzrochlorobenzene.*° 8 Most authors, however 
hav= reported the T cell to be numerically normal,° 
exc=pt in one other study by Tanphaichitr et al 
where the T cell counts were found to be low.* Low 
T ell counts were uniformly present in all our 
pat=nts, only two of whom had received previous 
treatment with Endoxan, which is known to have a 
prdsonged depressive effect on T cells.'° Low serum 
Ig concentrations in relapse has been well 
dccamented and cannot be explained on urinary 
loses alone.!! !* 

IT- has not been established whether the de- 
præ sion in cell mediated immunity is a primary 
event or secondary to the hypoalbuminaemia, 
hy=rlipidaemia, or zinc deficiency that coexists in 
these patients, as all these factors are known to 
depress cell mediated immunity." It has been 
pcs-ulated that an abnormal immunogenic response 
to sme unknown stimuli may be a primary event in 
pat=nts with nephrotic syndrome, leading to sup- 
pression of T cell functions. This may lead to 
depressed cell mediated immunity as well as 
imy=irment of T cell dependent B cell activation 
acceunting for the low concentrations of IgG in 
these patients. This same deviated immune response 
mar be responsible for the production of an 
atamormal lymphokine with properties of increasing 
vasular permeability.” Such vascular permeability 
fazDrs have been identified in the sera of patients 
wit active nephrotic syndrome.’ 

Whether a cause or an effect, the immunological 
d}s-unctions increase the risk of serious infections in 
these patients. The role of immunoregulatory drugs 
as Dpposed to immunosuppressive drugs in the 
management of these immunocompromised patients 
needs to be explored. Levamisole, used as an 


arthelminthic, has immunoregulatory properties. It. 


is æ non-specific stimulator of lymphocytes and has 
been found ta increase both lymphocyte number 
arc function. This action is particularly noticeable in 
imraune depressed patients. It does not stimulate 
ncrnal lymphocytes. '® It has been successfully used 


in other immunologically mediated diseases such as 
rheumatoid arthritis, chronic active hepatitis, and 
recurrent skin infections.’*'® Its successful use in 
minimal change nephrotic syndrome has been 
documented in a small number of children.’ 

We found that treatment with levamisole defi- 
nitely reduced the number and severity of infections 
that in our experience often accompany or precede a 
relapse. This beneficial effect is probably due to its 
stimulant effect on cell mediated immunity. It has 
been used by some workers to treat certain varieties 
of recurrent and chronic infections with beneficial 
results.'° '’ Hence even in those nephrotics who 
have severe infections levamisole can be adminis- 
tered safely and probably to the advantage of the 
patient. 

As opposed to this, steroids that act by depressing 
the T cell function increase the incidence and 
severity of infections, which may even be the cause 
of death in some instances.* In those _ patients 
presenting with infections treatment with steroids 
has to be postponed till the infection is well under 
control, thus delaying the beginning of definitive 
treatment. The effect of levamisole on the pro- 
teinuria, however, is slower and less dramatic 
compared with that of steroids. l 

In our study complete remission was achieved in six 
of 14 cases within 4-20 weeks of treatment. A total 
of 12 of 14 cases showed a definite reduction, 
however, in the proteinuria with improvement in the 
nephrotic state. Two of three patients who fre- 
quently relapsed benefited by this treatment. One 
went into complete remission, which was maintained 
for six months after stopping the drug; this child was 
steroid dependent, and this was the longest period 
free of disease that this child has had. The second 
patient who frequently relapsed remained free of 
both oedema and infection during the six months of 
treatment. 

Several toxic effects, including agranulocytosis, 
have been described with the use of levamisole 
especially in those receiving high daily doses.'® 1°. 
In the schedule used ‘by us there was no serious 
toxicity. Side effects are fairly common even with 
the recommended doses of steroids, while ` the 
dangerous side effects of prolonged treatment with 
steroids are well known. 

Thus the role of levamisole in the management of 
minimal change nephrotic syndrome seems to be 
promising. The restoration of normal lymphocyte 
function by levamisole possibly- helps to eliminate 
gradually the pathophysiological events leading to a 
nephrotic state. Further studies on the optimum 
dosage, regularity of administration, and duration of 
treatment require further investigation. Newer 
drugs with more specific actions on lymphocyte 
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subpopulations may have a better role in the 
management of nephrotic syndrome. 


We are thankful to the Dean, Bai Jerbai Wadia Hospital for 
Children, for giving us permission to publish this paper. 
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The sodium and potassium intake of 3 to 5 year olds 


M E ALLISON AND V WALKER 


Department of Chemical Pathology and Human Metabolism, Southampton University Medical School 


SUMMARY The sodium intake of preschool children in their home environment was investigated 
aad the major sources of sodium other than added table salt identified. Thirty five children from 
a Southampton general practice were studied. Twenty four hour urinary sodium excretion was 
measured as a reliable indicator of daily total sodium intake. The daily intake of sodium other 
than that from added table salt, and of potassium and other nutrients, was also calculated from 
three day dietary diaries collected using the household measures method. Median excretion of 
scGium was 62 mmol/24h (range 28-105, 28 urine collections) and of potassium was 25 mmol/ 
24 h (range 14-46). The sodium:potassium ratio was 2-7 (1-4-5-2). From the diaries, the average 
daily intake of sodium was 68 mmol (32-98) and of potassium was 47 mmol (24-95), and the 
secium: potassium ratio was 1-4 (0-5-2-7) (median and ranges, 35 children). Foods contributing 


rere than 30 mmol sodium to one day’s intake were mainly processed convenience foods. 


Tie processes that lead to essential hypertension in 
adults are still not clear, but there is considerable 
evidence to support an interaction between genetic 
amc environmental factors in determining blood 
pressure and occurrence of hypertension.' ~ There 
are data to suggest some consistency of rank order 
of blood pressure during childhood from as early as 
4 years of age,’ * and the idea has developed that 
essential hypertension is a process that starts early in 
live. If this is so, prevention may be possible through 
ccntrol of environmental factors in childhood.’ 

Excessive sodium consumption” or a diet low in 
petassium relative to sodium® have been incrimi- 
nated as causative factors. Although neither has 
been proved definitely, recent nutritional guidelines 
fcr the United Kingdom recommend reduction in 
scum intake that is thought to be needlessly 
heh.’ * A World Health Organisation study group 
sitularly recommended moderate reduction of the 
scdium intake of children.' A high sodium intake in 
ecrly life may condition children to a lifelong high 
selt appetite.” In view of all the recent interest, it is 
surprising how little is Known about the sodium 
consumption of young children in this country. 
Twelve Australian children aged 3-5 years had 
seemingly high sodium intakes, probably mainly 
from processed foods.’ 

This study aimed to evaluate the sodium intake of 
healthy 3-5 vear olds living at home in Hampshire 
aac to identify the major sources of dietary sodium 
other than added table salt. 


Methods 


Total sodium intake was assessed from 24 hour 
urinary sodium excretion, Dietary diaries obtained 
using the household measures method!' were used 
to indicate the main food sources of sodium: 
quantities of foods eaten are described in terms of 
household measures such as cups or spoons. These 
are calibrated by the investigator and quantities 
converted to weights. To minimise the risk that salt 
consumption would change for the study, a pre- 
weighed salt shaker was not provided, and salt 
added during cooking was not quantified. An 
interest in dietary sodium was not mentioned to the 
mothers. 

Fifty eight mothers with children aged 3-5 identi- 
fied from the age and sex register of a Southampton 
general practice were invited to participate in a 
general study of children’s diets. Mothers who 
agreed were visited at home during the period 
December 1984 to March 1985. They were asked to 
record details of all foods and drinks consumed by 
their child for three days, including one weekend 
day, and on one of the days to collect a 24 hour urine 
sample. At follow up visits details of the diaries were 
clarified, including the brands of foods, the volumes 
of utensils used were measured, and the children’s 
heights and weights recorded. Food amounts re- 
corded as volumes in the diaries were converted to 
the appropriate weights using tables of different 
foodstuff density. Foods were analysed for 28 
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nutrients using a computerised version of the 
McCance and Widdowson food composition tables 
supplemented by values for British cooked dishes.“ 
Totals for each day, and a three day mean, were 
calculated. 

Urinary creatinine concentration was measured 
by a modified Jaffe reaction, using an LKB Reaction 
Rate Analyser (LKB Instruments Ltd, Surrey, 
England) and sodium and potassium concentrations 
with an ion selective electrode (Beckman Astra 8, 
Beckman Instruments Inc, California, USA). Urine 
samples collected for less than 21 hours were 
excluded, as were those with inappropriately low 
content of creatinine concentration. Electrolyte 
excretion of the remainder was adjusted to 24 hours. 
-The Mann Whitney test and linear regression were 
used for statistical evaluation. The study had the 
approval of the local ethical committee. 


Results 


Thirty five children participated (a response rate of 
60%) (Table 1). Two children achieved their sixth 
birthdays during the study. Most were within the 
expected range of weight for age and sex; five (14%) 
were below the 25th centile and 16 (46%) above the 
75th centile, including five (14%) greater than the 
97th centile. Quetelet’s index (weight (kg)/height 
(m*)) was used as an index of obesity.’ When 
calculated using the rather unusual formula used in 
the DHSS survey in taoIoe 7 


~ Weight (kg) 
———__——- X 1000 
Height (cm?) . 


mean values of 1-66 and 1-69 were similar to that of 
1-6 found for 3-5-4-5 year olds in the survey. The 


Table 1 Details of 35 children studied, Values are means 
(ranges) 


*Father unemployed. 


Boys Giris 
No 19 16 
Age (years) 4:5 (3-2-6-0) 4-6 (3-5-6:2) 
Weight (kg) 19 (13-5-26-5) 20 (14-5-33-0) 
Height (cm) 106 (95-5~115) 107 (98-5~123) 
Surface area (m) 073 (0:58-0-90) 0-75 (0-62-1-03) 
Quetelet’s index (kg/m?) 16-6 (13-8-20-1) 16-9 (14-8-21-8) 
All children 
Social class I 2 
n 8 : 
nt 16 
IV 4 l 
v l t 
UE* 4 
| 
i 
i 


~ 


families were drawn from all social classes, with 
most from classes HI and IMI. 


Results from the urine collections (Table 2). Thirty 
one timed urbe samples were obtained. Four 
children were uncooperative, -ill, or incontinent. 
Three samples were rejected as being incomplete 
collections. The range of collection times of the 
remaining 28 samples was 21 to 25 hours, 24 being 
collected to within half an hour of 24 hours. The 24 
hour sodium excretion for 15 boys (mean 67 mmol, 
range 52-95) and 13 girls (mean 63 mmol, range 
28-105) did not differ significantly (Mann-Whitney 
test), and so the results for both sexes were 
combined. Sodium excretion was not correlated 
significantly with age, body weight, or obesity. The 
median values for sodium excretion of the small 
groups of children in each social class were similar. 


Results from food table analysis of the dietary 
records. All the mothers completed the diaries, 31 
for three days and four for two days. An average 
intake of each nutrient was calculated for each child 
(Table 3). The overall mean energy intake was 89% 
of the relevant recommended dietary allowances for 
age and sex.! The mean contributions of protein, 
fat, and carbohydrate to total energy intake were 


Table 2 Results of urinary analysis of 28 samples 
corrected to 24 hours 


Excretion per 24 hours Mean Median Observed 
range 
Volume (ml) 581 543 273-1023 
Sodium (mmol) 65 62 28-105 
Sodium ae body weight) 3-5 35 1-6-6-2 
Sodium (mmol/m*) 90 88 42-154 
Potassium (mmol) 24 25 14-46 
Sodium:potassium ratio 2-8 27 1-4-5-2 
Creatinine (mol/kg) 146 149 77-206 


Table 3 Results from food table analysis of the dietary 
records of the 35 children studied 


Daily intake 
Mean Median Observed 
range 
Sodium (mmol) 69 68 32-98 
Potassium (mmol) 50 47 24-95 
Sodium: potassium ratio 15 1-4 0-5-2-7 
Energy (kcal) 1455 1388 787-224 
Protein (g) 46 45 28-60 
As % of keal 12-7 9-17 
Fat (g) 59 54 27-91 
As % of kcal 36 26-46 
Carbohydrate (g) 186 181 114-287 
As % of keal 51 38—60 
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similar to contributions of 11-5%. 38%, and 50-5% 
respectively, found for children aged 3-5 to 4-5 5 years 
he UK in 1967—68." For the children as a group 





daily sodium intake calculated from the diaries was 
similar to that estimated more reliably from urinary 
sodium excretion (Tables 2 and 3). Although the 
two estimates were significantly correlated (r=0-4, 
p<-0-05, n=28), the estimates differed in some 
individuals. This is to be expected considering the 
interent inaccuracies of dietary diary analyses. 

A highly significant negative correlation was 
otserved between the ratio of sodium to energy 
in-ake (mmol/Keal) and age (r=—0-63, p<0-001, 
n=35) and to body weight (r=—0-50, p<0-01, 
n=345). Age and weight correlated closely (r=0-69, 
pat O01, “n=35). This suggests that the young 
children had proportionately more sodium in their 
diet than the older children. 





kga 
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Petassium intake and sodium:potassium ratio. In this 
stacy the mean potassium intake estimated from the 
diaries of 50 mmol/24h (range 24-95) was higher 
then the mean urinary potassium excretion of 24 
mnol/24h (range 14-46). This accounts for the 
lower sodium:potassium ratios calculated from the 
diaries (mean 1-5, range 0-5-2-7) when compared 
wth urinary analyses (mean 2-8, range 1:4-5-2). 


Feods contributing most sodium to the daily intake. 
Te total number of days recorded in the diaries was 
Iċ. On 17 occasions a single foodstuff contributed 
more than 30 mmol of sodium in any one day 
(roughly half the mean daily intake for the group). 
Tais represented one helping, or several servings if 
the foodstuff was consumed more than once during 
the dav, and accounted for 24-88% of the total 


Tabie 4 Foods contributing more than 30 mmol of sodium 
in any one day (101 days recorded) 





mmol OF “o OF day's 














sodium sodina 

per day intake 
Ctichen soup. cream of, canned SS RE 
Chicken noodile soup. dried 30) 24 
3 b4 49 

32 B 

32 3 
Boef acne tried. frozen 54 AS 
Beefourgers. fried. frozen 30 44 
Soughetti, in tomato sauce. canned 43 42 
Cheese. cheddar 4? 37 
Cheese. spread 36 30 
Beon gammon joint. boiled 40 37 
"A! Brar 3K 55 
Meat pic 36 OX 
Bokat beans. in tomato sauce, canned 33 ʻi 
Baket beans. in tomato sauce, canned 35 3G 
Raket beans, in tomato sauce. canned 34 47 
Sausages, pork, fried 30 36 





sodium intake for that day (Table 4). Purchased 
processed foods were the main contributors, but 
cheese and a breakfast cereal were also included. 


Discussion 


The mean urinary sodium excretion of 28 children 
aged 3-5 in this study was 65 mmol/24h (range 
28-105 mmol/24 h) and when related to body weight 
was 3-5 mmol/kg/24 h (range 1-6-6.2 mmol/kg/24 h). 
Non-renal losses of sodium in healthy children of 
this age are 3~4 mmol/24 h.'’ and apart from a 
small amount incorporated into growing tissues. any 
surplus sodium absorbed trom the diet is excreted in 
the urine. Urinary sodium therefore reflects intake 
closely. The findings for our children were similar to 
those for 12 children aged 3-5 in Australia, whose 
urinary sodium on their normal diets was 28-12] 
mmol/24 h, with a mean of 67 mmol/24 h." For 
comparison, most adults in the UK are estimated to 
have an intake of 7-12 g of sodium „chloride, 
equivalent to 120-205 mmol of sodium.” 

Are these intakes excessive? Maximum recom- 
mended sodium intakes for children are not well 
established. The estimated safe and adequate daily 
dietary intake recommended for 4-6 year olds by 
The National Academy of Sciences U SA in 1980 was 
20-59 mmol per day. The lower level was based on 
the average intake of breast fed 6 month old infants 
(26 mmol/m- per day) and the suggested upper level 
was three times this. Safe tolerance limits for 
children were estimated rather arbitrarily by the US 
Academy of Pediatrics to be roughly 8-100 mmol/ 
day, as the minimal requirements are around & 
mmol per day and infants can tolerate LOO mmol/day 
without adverse effects.'” Thus in 17 (61%) of our 

28 children sodium intake exceeded the US 1980 
recommended allowances, but only one child had an 
intake above as UNS We do not bs soe facts 


to ehildien ae a ae risk of ioe hyper- 
tension. An overall target intake for adults of 5 g 
sodium chloride per day (85 mmol of sodium) was 
proposed by WHO.” For a 70 kg adult with a 
surface area of l- 73 m” this is 1-2 mmol/kg per day, 
or 49 mmol/m> per day—rather less than the intakes 
of the children in this study. 

Roughly 30% of the salt intake of adults in the 
UK is added at table or in cooking.” The close 
similarity of sodium intakes calculated from the 
dietary records in this study, which excluded added 
salt, to the estimates from the urinary sodium, which 
include sodium from all sources, suggests that added 
salt makes a relatively smaller contribution to total 
intake in young children. The major sodium sources 
without this were identified as mainly processed 
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convenience foods such as beefburgers, baked 
beans, and soups—-foods that the general public 
does not usually consider ‘salty’. The children were 
not exposed to ‘take away’ foods, and their diets 
were not atypical in any obvious way. The mothers 
confirmed the long recognised problems of feeding 
younger preschool children, ‘and many explained 
that their children refused the family meals and so 
were provided with separate ‘acceptable’ foods, 
which were generally some kind of processed 
foodstuffs. This might have accounted tor the high 
sodium to energy intake in the younger children. 
There is some evidence that a high potassium 
intake may protect against the hypertensive effects 
of sodium, and that exposure, lto a high sodium/low 
potassum intake may be a cause of hypertension in 
susceptible individuals.’ There are no guidelines for 
the optimal dietary sodium:potassium ratio. In 
genetically salt sensitive rats a ratio of less than 2-0 
protects against hypertension. The ratio in human 
milk is 0-6 to 0-7.!9 In adults the sodium:potassium 
ratio in urine has been used as an assessment of the 
dietary ratio. The results from this study, however, 
suggest that this might be misleading in childhood, 
as the ratios calculated from the diaries were lower 
than those from the urinary analyses. The difference 
was attributable to the potassium content—median 
47 mmol/24 hour from the diaries and 25 mmol/24 
hour from the urine. Non-renal losses of potassium 
might account in part for the discrepancy, but there 
have been few carefully conducted electrolyte 
balance studies in healthy young children to provide 
firm data. On a dietary potassium intake of 2:27 (SD 
0-80) mmol/kg per day the urinary potassium 
excretion of eight healthy children aged 6 months to 
8:2 years was 1-36 (SD 0-51) mmol/kg/24 h (60% of 
the intake) and the faecal loss was 0-19 (SD 0-09) 
mmol/kg/24 h.”! It is probable too, however, that 
short comings of the study also contributed to the 
difference. Collection of a single urine sample did 
not allow for day to day variations in potassium 
intake. Moreover, some of the data in the food 
tables is quite old and may not reflect accurately the 
potassium content of the modern preschool diet. 
There seems little scope for mothers of young 
children to reduce the sodium intake much below 
that observed. Omission of table salt will help a 
little. Low sodium foods are generally expensive and 
not widely available. After 24 hours on a diet that 
contained no processed foods, the urinary sodium 
excretion of five Australian 3-5 year olds fell to 646 
mmol/24 h (mean 19).!° It seems that the only 
effective course would be to reduce the sodium 
added during manufacture of those foods which 
children like. Sodium salts are used for a variety of 
purposes in food processing. Sometimes there is not 


a safe or equally effective alternative, but the 
necessity for the use of sodium additives for flavour- 
ing might be questioned. There is clearly a need to 
establish definitely whether the amount of sodium 
consumed in childhood has any relevance to the 
later development of hypertension.’ 


We thank Dr T Rolles for allowing us access to her patients, Dr M 
Nelson for advice about dietary assessment, and Janet O’Clarey for 
help with the food table analysis. 
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Ffty years ago 


Reading difficulties in children 


Fizy children were studied who had been referred for difficulty in school work or were presumed to have such difficulties 
afer interview. There were 38 boys and 12 girls between the ages of 6-3 years and 14-8 years. A variety of tests were 
gien. including matching patterns, copying patterns, reproducing rhythms, and identifying wooden letters and numbers 
wires blindfolded and also identifying them when traced on the back of the hand. Among the older children ‘word tests 
were used. “The rhythm test separated out a small group of interesting cases. It was found that out of the fifty children. 
nize, who showed no difficulty in any other test, failed completely in this one. These were all children of good 
in eHigence. with noticeable hyperkinesis, and with one exception outstandingly late in learning to talk. The association 
of a failure in auditory memory with retarded speech suggests an auditory factor.’ When discussing ‘Emotional Aspects’ 
D- Creak states ‘By the time the case reaches the clinic the child has usually been accepted as ‘silly’ by fellow pupils and 
backward by his teachers. His grotesque compositions are held up to the class for ridicule. What is perhaps worse is wher 
he is regarded as obstinate and constantly receives reports such as ‘could do better if he tried and lacks concentration.” 


oe, 


Leadon. I had not read the paper before, which was my loss. as although the understanding of children’s learning 
di ficulties has undoubtedly improved among the various disciplines involved. so much of what Dr Creak says rings true 
today. Her ‘subgroup’ of children who failed on the ‘rhythm test’ is of particular interest in view of the recent work of 
Beecley and Bryant, who studied the hypothesis that children’s experiences with rhyme and alliteration, which typically 
begimsome time before they arrive at school, do have an influence on the progress they make in learning how to read and 
spell during their first years at school.' They found that their rhyming and alliteration scores bore a consistent and 
sigpdicant relation to progress in reading and spelling and that training these children to categorise words by their sounds 
improved their reading and spelling. This seemed to prove that the difficulties some children have in such learning can be 
at mouted to a failure to master a phonological skill that comes naturally to most. NEIL GORDON.) 
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Mild typhoid fever 
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Department of Paediatrics and Child Health, University of Zimbabwe, Harare, Zimbabwe 


SUMMARY A series of 100 Zimbabwean children aged between 5 months and 13 years with 
culture positive typhoid fever is presented. The disease was found to be fairly mild with a low 
prevalence of complications, and no patient in -the series died. Possible explanations for the 
relative mildness of typhoid in this paediatric population are discussed. 


There are few reported studies of typhoid fever in 
children, and the available data suggests t that its 
manifestations differ from those in adults. There 
is also considerable geographical variation in the 
prevalence of complications and mortality in 
reported series.‘ An impression of a rather better 
outcome than is suggested by other reports prompted 
this review. 


Patients and methods 


The 100 cases were selected by retrospective review 
of admissions to the Harare Infectious Diseases 
Hospitals, and criteria for selection were that 
patients were: (a) below the age of 14 years; (b) 
symptomatic; and (c) culture positive for Salmonella 
typhi. 

Patients were investigated in a standard manner. 
A single blood, three stool, and three urine speci- 
mens were cultured for S typhi. Stool and urine 
samples were also examined for ova and parasites. 
A full blood count, including platelet and reticulo- 
cyte counts, was performed on admission and re- 
peated every seventh day during treatment. Other 
investigations were performed as dictated by the 
clinical findings and course., Antimicrobial treat- 
ment with chloramphenicol was routinely adminis- 
tered for 21 days by mouth unless vomiting pre- 
cluded this, in which case it was given intravenously. 
Seventy two hours after completing treatment three 
stool and three urine specimens were cultured on 
consecutive days. If these were negative for S typhi 
the patient was discharged and was requested to 
attend for repeat cultures after one, three, six, and 
12 months. Default from follow up was, however, 
the norm. 


Results 


_— = e mm e 


children was 7 years with a range of 5 months to 13 
years. Figure 1 shows the distribution of patients 
throughout the age range, and while there was 
considerable variation between the different years 
there were no specific age peaks of incidence. There 
were 52 boys and 48 girls. The weight was recorded 
in 93 children, and in 53 (57%) it was below 80 per 
cent of the Boston 50th centile for weight. In six 
children (6%) the weight was below 60 per cent of 
the 50th centile. 


Source of patients. Fifty nine of the patients came 
from rural areas within 250 km of Harare and 41 
from the municipal area of Harare. In 23 patients 
one or more household contact was either a carrier 
or developed the disease. 


Seasonal prevalence. Typhoid cases presented 
throughout the year but, as shown in Figure 2, which 
represents the 1984 admissions, there was a peak 
from December to February during the rainy season 
and a smaller peak in June. 


Presentation. The mean duration of symptoms at 
presentation was 11 days (range 1-120). Fifty five 
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Fig. 1 Age of presentation in 100 children with typhoid 


Age, sex, and weight. The mean age of the 100 fever. 
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Fig. 2 Seasonal prevalence of presentation in 100 children 
wil ivphoid fever. 


patents presented within seven to 14 days of the 
onset of symptoms. Table 1 shows the incidence of 
symptoms reported. Fever, headache, diarrhoea, 
and abdominal pain were the most common com- 
pleints. Three children were jaundiced on admis- 
sian, and two of these had homozygous sickle cell 
disease. The other jaundiced child had raised 
transaminase activity, and § typhi was cultured from 
he~ blood. 

*Jne child presented with intestinal bleeding, and 
he- haemoglobin concentration on admission was 42 
g/l The bleeding settled within 24 hours of begin- 
nir g treatment with blood transfusion and chloram- 
phemicol. Another child with positive S typhi culture 
fram the urine presented with features of the 
nephrotic syndrome, which resolved on treatment 
with chloramphenicol alone. A raised blood urea 
coacentration of 22-6 mmol/l (136 mg/100 ml) was 
recorded in one child who was not clinically dehy- 


Taole 1 Presenting symptoms in 100 children with typhoid 





fewer 
Syresotom No of children 
presenting with symptom 

Fever RY 

Hesache 7 

Dig rhoca 37 

Aboominal pain aS 

Voraiting 23 

Coi: 23 

Liro pain 7 
Corstipation 4 

Jattedice 3 
Gascrexntestinal bleeding ] 

Corwr signs j 
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drated, and this fell into the normal range after a 
few days of treatment. 

One child presented with fever and extreme 
drowsiness, and another had slurred speech on 
admission, which resolved after seven days of 
treatment; another experienced auditory hallucina- 
tions for five days after admission and also had an 
abnormal electrocardiogram showing ventricular 
ectopic beats, which disappeared after a few days of 
treatment. A single case of meningitis was seen in a 
5 month old baby who had a cerebrospinal fluid 
pleocytosis of more than 2000 white blood cells per 
centimetre but no growth on culture, though S typhi 
was isolated from the blood. 


Clinical features. Table 2 shows the incidence of 
various clinical features. In common with other 
reports on paediatric typhoid fever there was no 
evidence of the temperature-pulse dissociation seen 
in adults.” * Similarly, the leucopenia (white blood 
cell count less than 5x10°/1) seen at the onset of 
adult typhoid fever was fairly uncommon and seen 
in only 26 patients. Splenomegaly was observed in 
13, and a rash was seen in none. The typhoid state, 
characterised by blank facies and withdrawn de- 
meanour, was seen in 17. 


Laboratory investigations. The mean haemoglobin 
concentration on admission, excluding three chil- 
dren with homozygous sickle cell disease, was 99 g/l 
(range 36-141) and the mean total white cell count 
on admission was 7-2x10°1 (range 2-1-31-1). 
Anaemia was common, and 32 of the 100 patients 
had an initial haemoglobin concentration of less 
than 90 g/l. The anaemia in most cases was 
normocytic and normochromic; the mean reticulo- 
cyte count on admission in 22 patients was 1-3%. 
Thirty six patients received a blood transfusion at 
some stage of the illness. 

S typhi was cultured from the blood in 58 patients, 





Table 20 Clinical features in 100 children with typhoid fever 
Feature No of children 
wih feature 

Fever 93 

Anaemia 32 

Admission white blood cell count <5x HA 26 
Hepatomegaly aR 

Pulse rate < 100 beat/min 1? 

Typhoid state 1? 
Splenomegaly is 

Chest signs 10 

Abdominal tenderness 10 
Dehydration 5 

Confusion 3 
Drowsiness 3 
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from the stool in 50, and from the urine in 12. 
Positive cultures were obtained from both blood and 
stool in 13 patients, from blood and urine in two, 
from stool and urine in three, and from all three 
cultures in one. Other pathogens were grown from 
the urine of four children; untyped coliforms in 
three and a salmonella species in one. Other stool 
pathogens were isolated on admission in four 
children; a Group C salmonella in two, a Group B 
salmonella in one, and in the fourth child both 
Group B and C salmonella. Schistosoma haemato- 
bium was detected in the urine of three children and 
Schistosoma mansoni in the stools of two. 

Widal agglutination titres were measured in 43 
patients. Eight had insignificant titres, while 35 had 
S typhi ‘H titre of 1/80 or an ‘O’ titre of 1/160 or 
higher. Sixteen had an ‘H’ titre and six had an ‘O’ 
titre of greater than 1/1280. Titres were measured on 
one occasion only in seven of the eight with in- 
significant titres and in 24 of the 35 with significant 
titres. 


Chloramphenicol dosage. The mean dose of chlor- 
amphenicol per kilogram body weight per day was 
64 mg (range 34-117). Most patients remained on 
the same dose throughout, but a proportion were 
reduced to 75% of the initial dose after one week of 
treatment. 


Response to treatment. The mean period from onset 
of treatment to defervescence was five days (range 
one~12). Six patients failed to respond completely to 
treatment, in that 72 hours after stopping treatment 
they were still positive for $ typhi —five in urine and 
one in stool. One of the six had a low grade fever, 
but the remaining five were asymptomatic and were 
therefore early carriers. Two late carriers were 
identified one month and two months after treat- 
ment, and symptomatic relapse occurred in two at 
one week and two months, respectively. 


Mortality. None of the 100 patients in this series 
died. The zero mortality was conceivably due to the 
more seriously ill patients dying of typhoid fever at 
the two central hospitals before they could be 
transferred to the infectious diseases hospitals. A 
review was therefore undertaken of all typhoid 
admissions below the age of 14 to the central 
hospitals during the period of study, and only one 
death due to proved typhoid fever was encountered. 
This was due to intestinal perforation. Several other 
cases were recorded as typhoid deaths but no 
bacteriological, serological, or, histological evidence 
confirmed the diagnosis. 
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Discussion 


Typhoid fever is said to be milder in infants and 
young children,° © and certainly the findings of this 
series suggest that this is so. It was previously 
thought to be rare below the age of 2 years,’ ® but 
the Durban series! reported that 9% of their 
patients were under 2 years, which is close to the 
figure of 11% in this series. Other series have 
reported a similar pattern of presentation.’ Gas- 
trointestinal bleeding was seen in only one child, 
and other series report incidences between 0 and 
13%. ? Intestinal perforation was not seen in this 
series, and it has been suggested that perforation 
occurs less commonly in young children due to 
anatomical differences that result in more superficial 
ulceration of the Peyer’s patches than occurs in 
older patients.* In this series 30 of the children were 
aged below 5, and in one Nigerian report no 
perforations were seen in 57 children below the age 
of 5 with typhoid fever.!° In another Nigerian study 
no perforations were seen in children below 4 
years.” A high incidence was reported from Ibadan, 
however, where 39% developed intestinal per- 
foration.* A possible explanation is that only 17% of 
the 117 patients in that series were below the age 
of 5. 

In conclusion, the severity of typhoid fever in 
children in this series was less than that described 
elsewhere,'~> and no deaths occurred. Case fatality 
rates in other recent series range widely from 0 to 
32% .13° 10 There is no evidence to suggest that 
early referral was a factor in the generally favour- 
able outcome as the mean duration of symptoms at 
presentation was similar to that reported in other 
series. Nutritional state may be relevant in the 
outcome of this disease, but other studies have not 
specified the nutritional state of their patients to a 
degree that would make comparison possible. In 
spite of the fact, however, that 53 of these 100 
children would be classified as undernourished by 
current definitions, response to treatment was in 
general satisfactory. The relative mildness of the 
disease in this study is possibly related to the 
intermediate state of sanitation currently prevailing 
in Zimbabwe. Exposure to S typhi early in life may 
provide a degree of immunity that reduces the 
severity of the disease occurring at a later stage.” ê 
Evidence for this was reported from this country by 
Wicks et al,'! who found that over half of their 243 
typhoid patients had S typhi ʻO’ or ‘H’ titres above 
1/480 within seven days of the onset of symptoms, 
suggesting a primary immune stimulus in the past. 


My thanks to Professor F K Nkrumah and Dr Ahmed Latif for their 
helpful comments. 
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Antinuclear antibody studies in juvenile chronic 
arthritis 
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‘SUMMARY This study of children with chronic arthritis confirms that patients at greatest risk for 
chronic iridocyclitis have a young age of onset and positive antinuclear antibodies (ANA). 
Children who are ANA negative have a low risk of iridocyclitis. When it occurs it is at a 
significantly older age. No child developing juvenile chronic arthritis over 9, even with positive 
ANA, had chronic iritis. 

There was remarkable variation in ANA titres; these correlated with erythrocyte sedimenta- 
tion rate, active arthritis, and iridocyclitis. Maximum ANA titres were often seen very early in 
the disease but at this time were usually not associated with a poor prognosis. 

Histocompatibility antigens A2 and DRw8 were significantly increased, suggesting primary 
associations in pauciarticular arthritis with ANA. HLA-DRS5S was associated with mild forms of 
arthritis and with absence of, or only mild, iritis. HLA-B15/w62 was associated with severe forms 


of eye involvement. 


Chronic inflammatory arthritis in childhood is 
known to encompass several subgroups with differ- 
ing clinical and laboratory findings. Splitting 
patients into groups may help in the assessment of 
long term prognosis and management.! 

Antinuclear antibodies (ANA) have been de- 
tected by immunofluorescence in roughly 30% of 
children with juvenile arthritis.* ? Patients who are 
ANA positive usually fall into oné of three sub- 
groups. The largest is children developing pauciar- 
ticular arthritis—that is, four or fewer joints 
affected—at a young age; they are predominantly 
girls and are prone to develop chronic iridocyclitis. 
ANA are also found among ‘older children with a 
polyarthritis associated with IgM rheumatoid factor 
and less commonly among children with seronega- 
tive polyarthritis. penne 

The occurrence of chronic iridocyclitis in 
seronegative juvenile chronic arthritis was first 
described by Ohm in 1910,4 but it was not until 1974 
that Schaller noted its close association with positive 
ANA. Possession of ANA, however, did not seem 
to predict whether a child’s , eye or joint disease 
would be mild or severe.*, The terms chronic 
iridocyclitis, iritis, and uveitis are used interchange- 
ably. 

We have examined the longitudinal relation 
between ANA titres and disease activity in joints 
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and eyes and have also looked at histocompatibility 
antigens (HLA). 


Patients and methods 


One hundred children with seronegative juvenile 
chronic arthritis referred to Taplow between 1970 
and 1980 were identified as having had either 
positive ANA or chronic iridocyclitis, or both. The 
course of their joint and eye disease was charted 
using the number of active joints and the number of 
cells seen in the anterior chamber of the eye as 
indicators of activity. Erythrocyte sedimentation 
rate (ESR) and all ANA results were noted. 

These patients underwent a clinical review be- 
tween November 1981 and October 1982, and blood 
was taken for HLA antigens as well as ESR and 
ANA. 


Disease pattern. Although most children with ANA 
and iritis have a pauciarticular onset of arthritis, it 
can extend to involve more than four joints. To 
define those children’ with a spreading arthritis the 
following terms were used, the onset time being the 
first three months. 

(1) Persistent pauciarticular: never more than 
four joints involved. 
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(2) Pauciarticular in type: pauctarticular in onset 
am: predominantly with four or fewer active joints, 
betap to a maximum of nine joints may be involved 
fo~ periods of less than 12 months. This group 
includes children with more than four joints at onset 
whe settle within a year to the pauciarticular 
peter. 

Children with pauciarticular pattern (both (1) and 
(27 above) were grouped as having mild arthritis. 

43) Extended pauciarticular: pauciarticular in 
orset but extending to involve more than four joints 
foe periods of more than 12 months or to include 
more than nine joints in total. 

44) True polyarticular: more than four joints 
invalved at onset and persistently thereafter. 
Children with extended or polyarticular pattern 
((3) and (4)) were classed as having severe arthritis. 








Severity of chronic iridocyclitis. The overall severity 
was graded as follows: 

4!) Mild: one to three bouts of iritis., settling 
ragedly with or without treatment. 

<2) Moderate: chronic active iritis, usually requir- 
inz treatment but with periods of remission. 

€3) Severe: secondary complications of cataract 
or glaucoma. 


Laboratory data. ANA were measured by indirect 
imamunofluorescence using rat liver substrate. Titres 
from our laboratory (in TU) and from other labor- 
aties, where other results were used, were graded 
as shown in Table 1 using 1/40 as a cut off point. 
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Tete 1 Times of antinuclear antibodies graded using 1/40 
as a cut off point 
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parametrically using Spearman's coefficient of rank 
correlation. 

HLA typing was performed on all patients for 
HLA-A, B. C. and DR antigens using a panel of 240 
established antisera and taking particular care with 
the cross reacting specificities DRS, DRw6, and 
DRwés. Controls for the HLA data were 192 
random, normal unrelated subjects. For HLA statis- 
tical analysis six children were excluded, four on 
grounds of nationality and two because an affected 
sibling had been included. 

Antigen frequencies between different groups of 
patients were compared using 2X2 contingency 
tables. and the significance of associations was 
assessed by means of y” calculations (with Yates’s 
correction) and/or calculation of Fishers exact 
probabilities. Few of the apparent antigen correla- 
tions with subgroups of patients remained significant 
when probabilities were corrected to allow for the 
number of comparisons performed, though their 
significance may be confirmed when viewed in the 
light of other studies. Probabilities quoted are 
therefore uncorrected. 


Results 


Duration of disease and sex. The mean duration of 
disease was 9-5 years with a range from 4-4 to 38 
years. There were 75 girls and 25 boys, with no 
significant differences between the subgroups in the 
frequency of occurrence of ANA, nor severity of 
arthritis or iritis. 


Disease pattern groups. There were 67 children with 
both ANA and iritis, 27 with ANA alone. and six 
with iritis alone (Table 2). Ninety patients had a 
pauciarticular onset of arthritis, and 25 remained 
persistently pauctarticular. Thirty four patients were 
classed as pauciarticular in type, and this included 
four patients with more than four joints involved at 
onset. Thirty five children had extended pauciarticu- 
lar disease. Six were classed as true polyarticular, 
including one boy with systemic features. 

Table 2 shows the distribution of ANA and iritis 


Distribution of antinuclear antibodies and iritis by disease pattern for 100 chiidren with juvenile chronic arthritis 
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by disease pattern: there were no significant differ- 
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to possession of ANA. 


Age of onset. The mean age of onset of disease was 
3-7 years with a range from 6 months to 15 years 
(Figure 1). Altogether, 79 had an onset under the 
age of 5 and 95 under the age of 10. Only five (38% ) 
of the 13 children who dev eloped arthritis aged 6 or 
more subsequently developed iritis compared with 
22 (81%) of the 27 with onset under 2. 

The mean age of onset was significantly less in the 
group with both ANA and iritis (3-0 years) than in 
those with ANA alone (5-1 years) (p=0-002). All 
five patients with onset aged 10 or more were in the 
group positive for ANA but without eve disease. 
The children with iritis alone had an intermediate 
age of onset of 4-1 years. 

The mean age of onset of uveitis was 5-8 years, 
but there was a significantly older age of onset in the 
ANA negative patients (14-0 years) compared with 
the ANA positive patients (5-1 years} (p<0-001). 

The mean time between onset of arthritis and 


Table 3 Distribution of severity of eve involvement 
according to possession of antinuclear antibodies in 100 
children with juvenile chronic arthritis 
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Fig.2 Time between onset of arthritis and onset of iritis in 
73 children. 


discovery of iridocyclitis was 2-7 years (Figure 2). 
Three patients developed iritis before arthritis with 
a mean time difference of nine months. 

When the severity of eye disease was assessed the 
age o onset Lof aiti was not an nee of ie 


Hose with a late onset of iritis ae ea mild 
involvement, especially in the few patients where it 
developed more than five years after the arthritis. 


Data evaluation. Data on the patients included 590 
active joint and eye assessments and 415 ESR and 
388 ANA estimations. There was a highly significant 
association of active joint count with high ESR 
(p=0-01x 1074). ANA titres also correlated with 
ESR (p=0-005), with active joints (p=0-03x 107°), 
and with active iritis (p=0-01). 

At the two. five, and 10 year follow ups there 
were significant associations of both active joint 
count and ESR with overall severity of arthritis (all 
p=0-002), except for the ESR at two years. After 10 
years of disease children with extended pauciarticu- 
lar and true polyarticular arthritis still had 4-6 and 
10-3 active joints, respectively. 

Of the patients who had ANA titres estimated at 
these three follow ups, there were no significant 
associations of mean ANA with severity of disease, 
though the persistent pauciarticular group almost 
always had lower mean titres than other groups 
(range 0-5 at 10 years to 0-9 at 2 years). The 
extended pauciarticular group maintained their 
positive ANA (mean 1-2) up to 10 years and this 
p yaralleled their persistent mean active joint count of 

4-9 and ESR of 37-5. 

At five years ANA titres correlated with active 
joint counts (p=0-03), activity of iritis (p=0-025), 
and ESR (p=0-006). These associations did not 
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reach significance at either two or 10 years when 
there were fewer results available for analysis. 


Vaciation in ANA titres. There was considerable 
variability in the readings recorded in the individual 
patients. Six children were persistently ANA nega- 
tive and 43 persistently ANA positive, although only 
sewer had the same titre at each recording. Fifty one 
had at least one negative ANA during the course of 
their disease, including 17 who were negative when 
first tested. Thirty two children who had become 
AMA negative at the last follow up showed a trend 
towards milder eye and joint involvement, which 
had often become inactive. 


First ANA recorded. The first ANA titre in each 
patient who then or subsequently became ANA 
positive was graded as described in Table 1. The 
meaa titre was highest (2-10) in children tested 
wrhin three months of onset falling to 1-87 in the 
first year of disease and 1-43 overall. 


Maximum ANA recorded. The maximum ANA 
recorded in each patient was charted and most 
(5-%} h had a grade 2 positive ANA, with 18% 
having grade | only and 22% having a maximum 
grade. 3. The proportion of patients with strongly 
positive ANAs (grade 3) was significantly greater in 
the two groups with severe arthritis than in those 
wich milder disease, while the proportion did not 

racy significantly between groups according to 
severity of ave N: 

Among the 22 patients with grade 3 positive 
ANAs the mean time from date of onset of disease 
to maximum ANA was only 1-5 years in those with 
mad arthritis compared with 5-0 years in the 
severely affected group (p=0-04). 





MA before or at onset of chronic iridocyclitis. Of 
the 67 patients with ANA and initis, only 13 had had 
ANA tested more than three months before. its 
orset. Eight of 11 who had been previously positive 
renained so and two who had been initially ANA 
negative became positive at the time of onset. Of a 
fucther 25 patients who had ANA tested at or within 
three months of onset of iritis, 20 were positive, and 
three of the other five became positive when the test 
was repeated within six months. 





Caronic iridocvclitis with negative ANA. Of these six 
petients (Table 3), three were girls and three boys. 
Jl had had at least three negative readings, 
including ANA at the time of onset of iritis in four 
ard during periods of activity in four. Three patients 
hed some atypical features of disease with one 
having bouts of acute as well as chronic iridocyclitis. 





Table 4 Prevalence of HLA antigens in 94 children with 
juvenile chronic arthritis and 192 control patients 
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HLA antigens. There were significant increases in 
HLA antigens A2, B15/w62, DR5, DRw6,. and 
DRw8 in our children compared with controls 
(Table 4). A2 and DRw8 were found throughout the 
group with no variation according to severity of 
arthritis. The increases in B15/w62, DRS, and 
DRw6 were only in the two groups with mild 
arthritis with no significant increase in the severely 
affected children when compared with controls. 

The frequency of the A2 antigen was roughly the 
same in all grades of severity of uveitis. The 
frequency of DRS was significantly higher in that 
group of patients with no or only mild eye disease 
than among controls (p=0- 03x 1074). 

The frequency of DRw& was increased above 
controls in all categories of eye involvement. The 
frequency, however, was significantly higher among 
patients with mild or no iritis than among patients 
with moderate or severe eye disease (p=0-01). 

In children with iritis there was an increase in 
B15/w62 compared with those without iritis. In 
those with moderate and severe iritis this was 
significant even after correction for the number of B 
antigens tested (p=6-9X 107"). 


Discussion 


In young children with pauciarticular onset juvenile 
arthritis the association of ANA with chronic tritis 
and the HLA anitgens DRS and DRw8 has been 
well documented.” * >!" In previous studies ee 
have been shown in between 4%'' and 88% 
patients. ANA has only been measured, however, H 
one point, sometimes very early in the disease” and 
sometimes late. when most children had inactive 
arthritis. ! There were varying groups of children in 
each paper, including seropositive arthritis in 
five 57 121+ and only , two groups particularly 
studied those with iritis. '* This study has selected 
patients with a very high incidence of positive ANA 
(94%). 

We confirm the very young age of onset of 3-0 
years in those with both ANA and uveitis; this was 
significantly younger than those children with posi- 
tive ANA who did not develop eye disease. The 





` 
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mean time between onset of arthritis and discovery 
ofiritis was 2-7 years, but 45% of children developedit 
within 12 months of the onset of their arthritis. We 
suggest, therefore, that during this early period 
patients at risk should have slit lamp examinations at 
least every three months to detect iridocyclitis. 

Previous studies have usually measured ANA at 
only one point. Hanson noted considerable varia- 
bility in ANA positivity and titres over time but did 
not mention any associations, "6 

In those studies that looked for a correlation 
between disease activity and ANA titres, three 
found no relation with active arthritis,? © 7 and only 
one correlated complement fixing granulocyte speci- 
fic ANA in undiluted serum with both disease 
activity and high ESR.° Similarly, three reports 
showed no relation between ANA titres and activity 
of iritis. * !° One group found that eye involvement, 
rather than current activity, correlated with comple- 
ment fixing ANAs in the small number of patients 
studied." ' 

In this longitudinal study we have been able -to 
show a greater variation in ANA titres and would 
suggest that by taking serial éstimations of ANA at 
different stages in the course:of the disease a more 
sensitive relation with active joints, ESR, and active 
iritis has emerged. A high ANA titre in the early 
stages of disease was not uncommon and tended to 
be associated with milder forms of arthritis, particu- 
larly if later ANA titres had fallen to grade 1 
positive or negative. Persistent moderately positive 
ANAs or those rising to maximum titres after 
several years of disease were often associated with 
more severe arthritis. 

A positive ANA in any child with seronegative 
chronic arthritis is a marker for the possible de- 
velopment of uveitis, whether the ANA is present 
initially or develops several months or years into the 
disease. As many children carry ANA in the 
absence of uveitis, this is obviously not a specific 
stimulus to ANA formation,,and we do not know 
the nature of the nuclear antigens involved. There 
certainly seems to be. a difference between the ANA 
in juvenile chronic arthritis and that in patients with 
systemic lupus erythematosus," and further im- 
munological studies may a: to characterise the 
antigens involved. 

Our HLA studies found a very high frequency of 
HLA-A2, suggesting a primary association with all 
types of pauciarticular onset arthritis, whether 
associated with ANA or iritis, or both. The positive 
associations with the DR antigens 5, w6, and w8 are 
also striking, and the increase in DRw8 to a 
frequency 15 times higher than in the controls 
suggests the presence of a, linked disease gene 


4 


conferring susceptibility to pauciarticular onset 
arthritis associated with ANA. By contrast, DR5 
and DRwé6 are only increased in the mild forms and 
not in the more severe arthritis. 

The antigens DRS and DRw8, present in the 
highest frequencies, showed a significant trend to 
associations with the absence of, or only mild, iritis 
despite being linked to positive ANA. The finding 
of B15/w62 being associated also with mild arthritis 
but with the more severe forms of eye disease is 
interesting and will require confirmation from other 


groups. 
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Abnormalities of vascular prostaglandins in 
Renoch-Schénlein purpura 


S TURI, J J F BELCH, T J BEATTIE, AND C D FORBES 
Roval Hospital for Sick Children and Department of Medicine, Royal Infirmary, Glasgow 


SUAMARY The ability of plasma to support prostacyclin like activity from human umbilical 
arterial rings was studied in 17 patients with Henoch-Sch6énlein purpura and 17 controls matched 
for age and sex. Plasma from 13 of the 17 patients showed a diminished or absent ability to 
support prostacyclin like activity in vitro. Six patients whose plasma had a low or absent ability to 
support prostacyclin like activity showed evidence of inhibitory activity. Plasma from three of 
these patients also failed to preserve the effect of a stable prostacyclin like analogue (7K36~374). 
The plasma concentration of prostacyclin metabolite and the serum. concentration of throm- 
bo<ane A, metabolite, thromboxane B2, were measured simultaneously. The concentration of 
plésma prostacyclin metabolite in 10 of the 14 patients was decreased. and a positive correlation 
was found between the plasma prostacyclin metabolite values and the ability of the plasma to 
support prostacyclin like activity. There was no significant difference in the serum thromboxane 
Az metabolite concentrations between the patients and controls. These data suggest that 
abnormalities of vascular prostaglandin metabolism are involved in the pathophysiology of 


Henoch-Schénlein purpura. 





Key for abbreviations used in text 

PGL: prostacyclin. 

PSA: estimation of ability of plasma to 
support vascular PGI, like activity. 

PSAI: inhibition of vascular PGI, like activity. 

PGI2m: prostacyclin metabolite. 

‘TxB,: thromboxane A, metabolite. 









Henoch-Schénlein purpura is the most commonly 
encountered type of vasculitis in childhood. The 
skin lesions are the most obvious sign, but visceral 
involvement carries a more serious prognosis. In 


-two thirds of patients arthritis and gastrointestinal 


involvement occur, and in a minority of patients, in 
addition, the central nervous system is involved. 
Renal involvement, however, is potentially the most 
semous manifestation as chronic renal impairment 
mzy develop.' ° The aetiology and pathogenesis are 
obscure, but the primary manifestations are due to 
inflammation of small non-muscular vessels. 
Henoch-Schéniein purpura may follow exposure to 
drugs or allergens* and is in many cases preceded by 
upper respiratory tract infection occasionally caused 
by group A -haemolytic streptococci.” None of 
these factors, however, have been confirmed to be 
of pathogenetic importance. 


Increased number of data are now available about 
the possible role of vascular prostaglandins’ pros- 
tacyclin (PGI), and thromboxane (TxA) in the 
pathogenesis of other vasculopathies. PGI, is an 
unstable substance with potent antiaggregatory and 
vasodilatory activity,’ synthesised from arachidonic 
acid by the vessel well cycloxygenase system.° TxA, 
is also an unstable endoperoxide with vasoconstricting 
and platelet aggregatory activity,’ derived from 
arachidonic acid predominantly by the platelet 
cycloxygenase system.® Remuzzi et al first showed 
deficient PGI, production in the haemolytic uraemic 
syndrome and the related disorder of thrombotic 
thrombocytopenic purpura. Plasma taken from 
these patients had a low capacity to support PGI, 
production in vitro from rat aortic rings.? Reduced 
umbilical and placental vascular PGI, has been 
observed in patients with severe pre-eclampsia.’ 
Saldeen et al have reported an increased concentra- 
tion of TxA, and PGI, metabolites in patients with 
deep venous thrombosis,'’ and increased TxA, 
synthesis by platelets has been shown in Kawasaki 
disease.'* We report our preliminary findings on 
various aspects of vascular prostaglandin meta- 
bolism in the acute phase of Henoch-Schénlein 


purpura. 
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Patients 


Seventeen patients with Henoch-Schénlein purpura 
aged between 2 and 13 years'(mean (SD) 5-7 (2-5) 
years) and 17 controls matched for age and sex were 
studied. The control children were free of renal, 
cardiovascular, pulmonary, and inflammatory dis- 
ease and were admitted for minor surgical opera- 
tions. All patients had the classical purpuric rash, 
and in 13 cases the skin lesions were associated with 
joint manifestations. One child had recurrent pur- 
pura, and none of the patients had hypertension. 
In eight cases gastrointestinal symptoms were 
observed, and this included one patient who re- 
quired operative intervention for ileccolic intus- 
susception. Three patients had a mild illness without 
abnormal urinalysis or abdominal or joint mani- 
festations. In eight patients haematuria (> 10 red 
blood cells/ul) and/or proteinuria (31 (SD 19) 
meg/hr/m J was observed. There was no significant 
difference in the creatinine clearance between those 
patients with abnormal urinalysis (94 (SD 33) 
ml/min/1-73 m?) and those with normal urinalysis 
(100 (SD 21) ml/min/1-73 m’). In all patients plasma 
albumin concentrations, plasma electrolyte concen- 
trations, and blood film showed no abnormalities, 
and the mean platelet count was 357 (SD 54) x10°/1. 


Methods 


After informed consent had been obtained 10 ml of 
venous blood was: taken from the controls and from 
the patients during the acute phase of the disease, 
1-5 days after the occurrence of the rash. Blood for 
estimation of the ability of the plasma to support 
PGI, like activity (PSA) was anticoagulated with 
3-2% trisodium citrate in a ratio of 9:1. Samples for 
PGI, metabolite (PGI,m) measurements were col- 
lected into ice cold plastic tubes anticoagulated with 
1:9 volume 3-8% w/v trisodium citrate: 3x10°M 
indomethacin: 10*M adenosine. Tubes were kept 
on ice and spun within one hour at 4°C and 2500 g. 
Plasma was separated and stored at —70°C. Samples 
of this pool were included in éach assay both at the 
beginning and end to determine reproducibility and 
to act as a standard. A known amount of 6-keto 
PGF,a was added to an aliquot of this pooled 
plasma to estimate recovery. 

Platelet poor plasma, obtained for PSA estimation, 
was prepared within 20 minutes of collection by 
centrifugation at 2000 g for 10 minutes at 4°C. 
Simultaneously, serum samples were separated for 
, estimation of TxB, (stable metabolite of TxAz). 
All plasma and serum samples were stored at —70°C 
until examination. 

Platelet rich plasma for aggregation studies was 
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prepared from normal adults by centrifugation of 
citrated plasma at 800 g for 10 minutes at room 
temperature. The final platelet count was adjusted 
to 250-300x10°/1 by dilution with autologous 
platelet poor plasma. No patient or control was 
taking any drug known to alter prostaglandin 
metabolism for at least two weeks before the study. 


Estimation of ability of plasma to support vascular 
PGI, like activity (PSA). The ability of test plasma 
(patient and control) to support PGI, like activity 
was assessed by measurement of platelet anti- 
aggregatory activity by the method of Moncada ef 
al.43 Human umbilical arterial rings were obtained 
from freshly delivered umbilical cords. The umbi- 
lical arteries were freed from all surrounding tissue, 
cut into rings 1 mm in length (30-50 mg wet weight) 
and kept in Ringer’s buffer (pH 7-4) at 0°C for not 
more than 60 minutes. The rings were then incu- 
bated in 1 ml tromethamine buffer (pH 8-6) for five 
minutes at 37°C, and PGI, like activity (platelet 
antiageregatory activity) of 100 pl of the supernatant 
was tested. This was added to 200 ul platelet rich 
plasma in a Servogor 120 dual channel aggrego- 
meter. The mixture was incubated for one minute at 
37°C, then collagen (Hormonochemie), at a final 
concentration of 2 ug/ml, was added. The rate of 
aggregation was recorded using a Malin platelet 
aggregation recorder. '* The rings were then washed 
several times with Ringer’s buffer at 37°C until no 
antiaggregatory activity could be detected. These 
exhausted rings were then incubated with 1 ml of 
test platelet poor plasma at 37°C for 20 minutes. 
PGI, like activity was then assessed as before. The 
ability of each test platelet poor plasma to support 
PGI, like activity was expressed by calculation of 
the percentage difference in inhibition of platelet 
aggregation obtained by the same exhausted ring 
before and after the addition of test platelet poor 
plasma. 


Detection of inhibition against PGI, like activity 
(PSAI). To detect inhibitory activity in: the test 
plasma a modified method of Levin et al was used.» 
Fresh, unexhausted umbilical arterial rings were 
incubated in phosphate buffered saline (pH 7-4) at 
37°C for five minutes. The PGI, like activity of the 
supernatant was compared with that produced by 
the same ring after five minutes incubation with test 
platelet poor plasma. 


Preservation of PGI, like effect of stable PGI, 
analogue. The preservation of PGI, like effect of a 
stable PGI, analogue, ZK36-374 (Schering chemicals 
AG), was assessed using test platelet poor plasma. 
2K36-374, at a final concentration of 100 ng/l, was 
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incubated with 300 ul of test platelet poor plasma at 
37°C for five minutes. The concentration of ZK36- 
374 corresponded to that concentration known to 
have a definite antiplatelet effect when the drug is 
given by intravenous infusion.'® Then 100 pl of the 
sudernatant was removed and added to 200 wl 
platelet rich plasma. After one minute of incubation 
and stirring, platelet aggregation studies using col- 
lagen were carried out as before. After incubation of 
ncrmal plasma with ZK36-374 total inhibition of 
platelet aggregation should be expected due to the 
protective effect of the PGI, analogue.'® 


Radioimmunoassay studies of plasma PGI,m and 
secum TxB,. Plasma concentrations of PGl,m were 
assessed by radioimmunoassay using a modification 
of the method of Mitchell.” As only 40% of PGI, is 
mz2tabolised to 6-keto PGF,a we used an assay that 
m=2asures in addition the more labile metabolites. '® 
The measurement was carried out on unextracted 
plasma buffered with 0-1% bovine albumin, as many 
extraction techniques may add further impurities. 1° 
Oar method gives good reproducibility and recovery 
of added PGI,m and has a sensitivity of 5 pg/ml. 
Serum TxB, was measured using a radioimmuno- 
assay method as described by Granstrom and 
Kindahl.?! 

All platelet aggregation and radioimmunoassay 
studies were carried out in duplicate. Statistical 
analysis was carried out using the Student’s ¢ test and 
Spearman rank correlation test. 


Results 


Ability of plasma to support PGI, like activity was 
reduced in 13 of the 17 patients with Henoch- 
Schénlein purpura studied. In five cases PSA was 
undetectable (Fig. 1). The difference between the 
results of the patient group (21-3 (SD 20-5)%) and 
the control group (57-2 (SD 12-2)%) was significant 
(¢<0-001). In addition, the results of those patients 
wth abnormal urinalysis and gastrointestinal in- 
valvement (7:5 (SD 18-1)%) was significantly dif- 
ferent from the results of those patients with neither 
of these manifestations, (32-3 (SD 23-5)%) 
(¢<0-01). 


Detection of inhibition against PGI, like activity 
(ESAI). Plasma from six patients in which the PSA 
was low or absent was further investigated to detect 
PSAI. Less PGI, like activity was produced by the 
unexhausted umbilical arterial rings when incubated 
w-th platelet poor plasma from the six patients than 
with either phosphate buffered saline or control 
platelet poor plasma (Table). 
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Fig. 1 Ability of plasma to support vascular PGI, like 
activity (PSA) in patients with Henoch-Schénlein purpura. 


Table Plasma factors influencing prostacyclin (PGI) like 
activity in Henoch-Schénlein purpura 


Preservation of 


Case No PSA” (%) PSAI 
ZK 36-3744 effect 
Patients 
ł 0 + Normal 
2 0 + 
3 G + Decreased 
4 G + Decreased 
5 6 + Normal 
6 23 + Normal 
Controis 
1 62 - Normal 
2 57 — Normal 
3 65 - Normal 


“Estimation of ability of plasma to support vascular PGI, like activity. 
tinhibition of vascular PGI, Eke activity: +=present, ~=absent. 
tA stable PGI: like analogue. 


Preservation of PGI, like effect of stable PGI, 
analogue. The effect of ZK36—374 was noticeably 
depressed after incubation with platelet poor plasma 
from three of the six patients in whose plasma PSAI 
was present (Table). 


Plasma PGI,m and serum TxB,. There was a signifi- 
cant difference between the results of plasma PGI,m 
concentrations obtained from 14 patients with 
Henoch-Schénlein purpura (16-6 (SD 8-7) pg/ml) 
and the control group (35:3 (SD 7:5) pg/ml) 
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Fig.2 Plasma PGI, metabolite (PGI,m) concentrations in 
patients with Henoch-Schénlein purpura. 


(p<0-05) (Fig. 2). A positive correlation was found 
between PSA and PGI.m values (r=0-52, p<0-05). 
There was no significant difference in serum TxB, 
concentration between the 16 patients (11-4 (SD 
9-4) ng/ml) and the control group (13-2 (SD 8-6) 
ng/ml). No significant correlation was found be- 
tween the results of the tests on serum TxB, and 
plasma PGI,m concentrations. 

Discussion l 

It is well known that the pathological defect in 
Henoch-Schönlein purpura is that of a predomi- 
nantly small vessel vasculitis. Abnormalities of 
vascular prostaglandin metabolism have been 
documented in other vasculopathies, particularly in 
the haemolytic uraemic syndrome. There are, 
however, no published reports'of studies in Henoch- 
Schonlein purpura. Conceivably, after an endothe- 
lial insult, such as deposition of immune complexes, 
a defect of PGI, generation may be present. 

We have shown that plasma from patients with 
Henoch-Sch6nlein purpura in the acute phase of the 
illness has a diminished or absent ability to support 
PGI, generation in vitro from human umbilical 
arterial rings. Absent or depressed PSA concentra- 
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tions may theoretically be due to a number of 
causes, Occurring singly or in combination. Firstly, a 
decreased ability of the plasma to stimulate PGI, 
production;” secondly, the presence of inhibitory 
activity in the plasma either to the production? or to 
the effect of PGI; „and thirdly, rapid degradation 
of stimulated PGI.” All six patients in this study 
who had very low or absent concentrations of PSA, 
in whom further investigation was carried out, 
showed the presence of PSAI. The presence of 
PSAI may mean inhibitory activity against PGL 
production, inhibitory activity against PGI, effect, 
or increased PGI, degradation. To attempt to 
differentiate these possibilities we looked at the 
ability of test plasma to preserve the effect of a 
stable PGI, analogue (ZK36-374) and found this to 
be absent in three of the six- patients studied. The 
concentration of ZK36-374, although significantly 
higher than the physiological concentrations of 
PGI,m in both patients and controls, was chosen 
because a definite antiplatelet effect was desired. It 
would be interesting to undertake further studies 
using different concentrations of the PGI, analogue; 
however, this was outwith the scope of this present 
study. On the basis of these data it would seem that 
in patients with low or absent concentrations of PSA 
inhibitory activity may exist to either PGI, produc- 
tion or PGI, effect. 

We have also shown that most patients with 
Henoch-Schénlein purpura in this study had a 
decreased concentration of plasma PGI, metabolite 
(PGI,m). It is of interest, however, that two patients 
showed a fairly high concentration of PGI.m in 
combination with a low or absent PSA concentra- 
tion and plasma inhibitory activity to the effect of 
the stable PGI, analogue. This would tend to 
confirm the presence of a circulating inhibitor to 
PGI, effect in these cases. These findings also show 
that platelet aggregation studies are more sensitive 
in detecting decreased PGI, like activity of plasma 
than determination of PGl,m concentration. 

We have found no significant difference in serum 
thromboxane (TxB2) concentrations between the 
patient group and the control population. Fur- 
thermore, there was a poor correlation between the 
concentration of serum TxB, and plasma PGI,m 
concentrations. These results do not suggest the 
presence of platelet activation in this syndrome. In 
view of the small numbers of patients in this study 
and the absence of any follow up data we felt unable 
to attempt a correlation between the demonstrated 
abnormalities and the clinical picture. It is of 
interest, however, that patients whose clinical pic- 
ture included abnormal urinalysis and gastrointes- 
tinal involvement had a mean PSA concentration 
that was significantly depressed compared with 
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those patients in whom these clinical manifestations 
were absent. 

The above findings suggest the abnormality of 
PGI, metabolism in Henoch-Schénlein purpura is 
rather complex and heterogenous. Further studies 
WLi be required to define the biochemical nature of 
the inhibitors and to establish whether low or absent 
PSA concentrations always reflect the presence of 
inhibitory activity and whether there is any evidence 
ofrapid PGI, degradation. It seems likely that these 
atnormalities, having been shown in yet another 
vasculitic syndrome, are most probably a secondary 
manifestation of endothelial damage. The disturb- 
ances, however, may well be of importance in 
extending the primary microvascular insult. 


We thank our consultant colleagues in the Royal Hospital for Sick 
Ctridren for allowing us to study patients under their care; 
Schering Chemicals for the use of ZK36-374; and Mrs Angela 
Mcnaghan, who prepared the manuscript. 


Reerences 


! Habib R, Levy M. Anaphylactoid purpura nephritis. Observa- 
on with sixty childhood cases. Clin Pediatr 1973;12:445-6. 
2 Meadow R. Schonlein-Henoch syndrome. Arch Dis Child 1979; 

54:8224. 

Vernier RL, Worthen HG, Peterson RD, Colle E, Good RA. 
Anaphylactoid purpura I. Pathology of the skin and kidney and 
Trequency of streptococcal infection. Pediatrics 1961;27:181-93. 

*4 Ackroyd JF. Allergic purpura, including purpura due to foods, 
drugs and infections. Am J Med 1953;14:605-32. 

> -O'Grady J, Warrington S, Moti MJ, et al. Effects of intravenous 
prostacyclin infusion in healthy volunteers—some preliminary 
observations. In: Vane JR, Bergstrom 5, eds. Prostacyclin. New 
York: Raven Press, 1979:409. 

ê Moncada S, Gryglewski R, Bunting S, Vane JR. An enzyme 
isolated from arteries transforms prostaglandin endoperoxides 
to an unstable substance that inhibits platelet aggregation. 
Nature 1976;263:633-5, 

7 Packham MA, Mustard JF, Pharmacology of platelet-affecting 
drugs. Circulation 1980;62(Supp] V):26-32. 

8 Hamberg M, Svensson J, Samuelsson B. Thromboxanes: a new 
group of biologically active compounds derived from prostaglan- 
din endoperoxides. Proc Natl Acad Sci 1975;72:2994-8. 

> Remuzzi G, Marchesi D, Mecca G, Misiani R, Livio M, De 


Gaetano G. Haemolytic-uraemic syndrome: deficiency of 
plasma factor(s) regulating prostacyclin activity? Lancet 1978;H: 
871-2. 

‘0 Remuzzi G, Marchesi D, Zoja C, et al. Reduced umbilical and 
placental vascular prostacyclin in severe pre-eclampsia. Prosta- 
glandins 1980;20:105~10. 

H Saldeen P, Nilsson IM, Saldeen T. Increased synthesis of 
thromboxane B- and 6-keto-PGF;, alpha in hand veins from 
patients with deep venous thrombosis. Thromb Res 
1983;32:461-7. 

'2 Hidaka T, Nakano M, Ueta T, Komatsu Y, Yamanoto M. 
Increased synthesis of thromboxane A, by platelets from 
patients with Kawasaki disease. J Pediatr 1983;102:94-6. 

'3 Moncada S, Higgs EA, Vane JR. Human arterial and venous 
tissue generate prostacyclin (prostaglandin X) a potent inhibitor 
of platelet aggregation. Lancet 1977;1:18-20. 

14 Born GVR. Aggregation of platelets by A D P and its reversal. 
Nature 1962;194:927-9. 

'S Levin M, Elkon KB, Nokes TJC, et al. Inhibitor of prostacyclin 
production in sporadic haemolytic uraemic syndrome. Arch Dis 
Child 1983;58:703-8. 

'6 Belch JJF, Greer I, McLaren M, et al. The effects of intravenous 
ZK36-374 a stable prostacyclin analogue on normal volunteers. 

Prostaglandins 1984;28:67~75. i 

Mitchell MD. A sensitive radioimmunoassay for 6-keto- 

PGF; upra: preliminary observations on circulating concentra- 

tions. Prostaglandins and Medicine 1978:1:13-21. 

'® McLaren M, Belch JJF, Forbes CD, Prentice CRM. Develop- 
ment of a radioimmunoassay for the measurement of prostacy- 
clin metabolites in unextracted plasma. Thromb Res 
1985;37:177-83. 

'? Greaves M, Preston FE. Plasma 6-keto-PGF, phe: fact or 
fiction. Thromb Res 1982;26:145-57. 

%2 Beich JJF, Greer I, Mclaren M, Walker JJ, Forbes CD. 
Measurement of prostacyclin metabolites. Lancet 19834:1504. 

2! Granstrom E, Kindahl H. Radio-immunoassay for prostaglan- 
dins and thromboxanes. In: Frolich JC, ed. Advances in 
prostaglandin and thromboxane research. New York: Raven 
Press, 1978;5:119. 

Z Machin SJ, McVerry BA, Parry H, Marrow WJW. A plasma 
factor inhibiting prostacyclin-like activity in thrombotic throm- 
bocytopenic purpura. Acta Haematol 1982;67:8-12. 

B Chen YC, McLeod B, Hall ER, Wu KK. Accelerated prosta- 
cyclin degradation in thrombotic thrombocytopenic purpura. 
Lancet 1981;H:268~-9. 


Correspondence to Dr T J Beattie, Royal Hospital for Sick 
Children, Yorkhill, Glasgow G3 8SJ. 


Received 23 September 1985 


Archives of Disease in Childhood, 1986, 61, 178—181 


Effects of posture and spinal bracing on respiratory 
function in neuromuscular disease 


C M NOBLE-JAMIESON, J Z HECKMATT, V DUBOWITZ, AND M SILVERMAN 


Department of Paediatrics and Jerry Lewis Muscle Research Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, London 


SUMMARY Effects of posture and spinal bracing on lung function were studied in 40 children with 
neuromusclar disease, 20 of whom had scoliosis and were non-ambulant. Change from sitting to 
supine position had little effect on lung function in ambulant children, but caused a significant 
12% reduction in forced vital capacity in a group of 16 non-ambulant children with scoliosis, 
suggesting diaphragmatic weakness in some. Spinal bracing, using a rigid supporting jacket, 
resulted in a significant reduction in mean vital capacity of 22%. The degree of impairment in 
forced vital capacity was proportional to the severity of the scoliosis (as measured by the Cobb’s 
angle), to the amount of correction achieved by the brace, and to the degree of diaphragmatic 
weakness. Spinal bracing .in a child with established severe scoliosis causes appreciable 
respiratory impairment, and this may explain why it is less likely to be tolerated than early 


prophylactic bracing: 


Muscle disease in children is commonly associated 
with impairment of respiratory function.” One of 
the earliest changes is reduction in vital capacity due 
to weakness of the muscles of the chest wall or 
diaphragm, or both. Later there may be a progres- 
sive fall in pulmonary compliance due to micro- 
atelectasis,’ > and reduced compliance of the chest 
wall due to drooping of the ribs,’ muscle fibrosis, 
and ankylosis of the joints. Scoliosis occurs in many 
patients with muscle disease, and it contributes to 
poor lung function by causing a further reduction in 
vital capacity and ventilation-perfusion mismatch.® 

Studies in adults with diaphragmatic weakness 
have shown that the fall in vital capacity from the 
erect to the supine position is a good indicator of the 
degree of diaphragmatic weakness.’ Similar changes 
occur in childhood (personal observation), although 
there are no published data. The effect of spinal 
bracing on lung function is important because any 
impairment of lung function due to bracing may 
affect the child’s ability to tolerate the jacket. A 
previous study of children with idiopathic scoliosis 
showed that wearing a Milwaukee brace had no 
effect on vital capacity, but caused significant 
reduction in maximal voluntary ventilation.’ The 
purpose of the present study was to determine why 
some children are unable to tolerate spinal bracing. 
We used the effect of posture as a measure of 

! 


diaphragmatic function, and studied the effects of 
spinal bracing on lung function and the relation with 
the severity of the scoliosis. 


Patients and methods 


We studied 40 children with muscle weakness 
caused by a variety of diseases. They were divided 
into two groups. according to functional status 
(Table 1). Group 1 comprised 20 ambulant children 
without scoliosis. The 20 children in group 2 were all 
non-ambulant and had scoliosis. Sixteen of these 
children wore a rigid lightweight polypropylene 
supporting brace to control their scoliosis. The 
children were accustomed to their brace, which was 
worn for at least six hours each day, but not at night. 
The degree of scoliosis was assessed both in and out 
of the brace by measurements of Cobb’s angle? 
using radiographs taken in the sitting position. The 
functional status of the children was assessed using 
the Vignos score,’° with increasing disability indi- 
cated on a scale from 1 to 9. According to this score, 
a child with a score of over 3 will be unable to climb 
stairs, and ambulation is lost at a score of over 7. 
The lung function tests used were peak expiratory 
flow rate, using a Wright Peak Flow meter 
(Airmed), and spirometry (Ohio Electronic Spiro- 
meter) to determine forced vital capacity and forced 
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Tæle 1 Clinical details of subjects in groups I (ambulant, no scoliosis) and 2 (non-ambulant plus scoliosis) 


Duchenne Limb 
muscular girale 
dystrophy dystrophy 

Group | (n=20) 5 5 

Group 2 

(Pesture study: n=15) 10 0 

(Jacket study: n=16) 11 0 


expiratory volume in one second (FEV,). The best 
oT three measurements was recorded for each iest. 
None of the children had asthma or recurrent 
aspiration, and no child had any evidence of 
respiratory infection within six weeks of testing. 
The children in group 1 were tested standing, 
sitting, and supine. Fifteen of the children in group 2 
performed the test, sitting, and supine: they were 
urtable to stand. Sixteen of the group 2 children 
were tested with and without their spinal jacket in 
tke sitting position. Eleven children in group 2 took 
part in both the posture and the jacket study. 
Predicted normal values were based on arm- 
span.!! Changes with posture or with and without 
jecket were assessed by paired Student’s ¢ tests. The 
mean within patient coefficient of variation of the 
tests was 4-6% for forced vital capacity, 7-1% for 
FEV,, and 6-2% for peak expiratory flow rate. 


Results 


Eoth groups showed the expected impairment in 
ferced vital capacity, FEV,, and peak expiratory 
ffow compared with predicted values (Tables 2, 3, 
aad 4). There was a reduction in forced vital 
capacity expressed as a percentage of predicted 
values with increasing functional disability measured 
by the Vignos score (r=0-64, P<0-001, Fig. 1). 
Posture had a significant effect on lung function. 
In group 1, mean forced vital capacity fell by 6% 


Table 2 Effect of posture on lung function in group 1 
(20 ambulant children with no scoliosis). Values are 
zean. (SD): figures in italics are mean % predicted 


Forced vital FEV, Peak 
capacity expiratory 
flow rate 
(min) 
Sanding 1-48 (0-52) 1-38 (0-52) 202 (83) 
66 7 73 
Spine 1-40 (0-59) 1-29 (0-54) 193 (72) 
63 65 70 
Stting 1-50 (0-58)* 1-37 (0-52) 204 (19)* 
56 68 74 


"Significantly different from supine value (P<0-05). 
FEV)=forced expiratory volume in one second. 


Congenital Spinal Other 
muscular muscular 

dystrophy atrophy 

3 2 5 

2 3 0 

2 3 0 


Table 3 Effect of posture in group 2 (20 non-ambulant 
children with scoliosis). Values are mean (SD): figures in 
italics are mean % predicted 


Forced vital FEV; Peak 
capacity expiratory 
flow rate- 
(i/min) 
Sitting 1-16 (0-51) 0-58 (0-45) 172 (72) 
42 43 54 
Supine 0:97 (0-48) 0-85 (0-44) 148 (67) 
38 39 48 
t=4-38 123-26 t=4-57 
P<0-005 P<0-01 P<0-001 


FEV,=forced expiratory volume in one second. 


Table 4 Effect of brace in group 2 (16 non-ambulant 
children with scoliosis}. Values are mean (SD): Values in 
brackets % predicted i l 


Forced vital FEV; Peak 


capacity expiratory 
flow rate 
{limin} 
Brace on 0-73 (0-43) 0-63 (0-38) 144 (68) 
28 28 al 
Brace off 0-94 (0-58) 0-80 (0-53) 158 (83) 
36 36 32 
t=4-}1 t=3 ol t= 1-25 
P<0-01 P<0-01 ns 


FEV,=forced expiratory volume in one second. 


from sitting to supine positions (P<0-05, Table 2), 
but there were no significant changes in FEV, or 
expiratory flow. The children in group 2, however, 
showed highly significant impairment in all para- 
meters of lung function from sitting to supine 
positions (P<0-01, Table 3). In four boys with 
Duchenne muscular dystrophy, forced vital capacity 
fell by more than 20% from the initial values in the 
sitting position, with a mean reduction of 12% for 
the group 2 as a whole (P<0-001). Mean FEV, fell 
by 12%, and mean peak expiratory flow fell by 14% 
from sitting to supine positions (Table 3). 

The effect of spinal bracing on lung function was 
tested in 16 children in group 2. Wearing a jacket 
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FVC 60 
{% predicted } 





Fig. 1 Relation between Vignos score and forced vital 
capacity (FVC) (% of value predicted from arm span). 


Open circles group 1, closed circles group 2 patients. r0-64, P<0-001. 


caused a mean reduction in forced vital capacity of 
22% (P<0-01, Table 4), seven patients showing 
impairment of greater than 25 %. The impairment in 
force vital capacity was related to the angle of 
scoliosis (r=0-5, P<0-05) and to the degree of 
improvement due to bracing (r=0- ‘5, P<0-05, Fig. 
2). The two children with the greatest impairment in 
forced vital capacity as a result of bracing both 
had severe Duchenne muscular dystrophy. They 
achieved considerable improvement in Cobb’s angle 
with the brace but unfortunately this was at the cost 
of considerable restriction in: tung volume. Fur- 
thermore, of the four boys with: ‘Duchenne muscular 
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Fig. 2 Relation between reduction j Cobb’s angle due to 
the brace, and the fall in forced vital capacity (FVC) 
(% of baseline value) due to the brace. 


m™=0-5, P<0-05. 
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dystrophy who showed the greatest impairment in 
forced vital capacity when lying supine (suggesting 
severe diaphragmatic weakness}, one was unable to 
tolerate a brace and the remainder showed severe 
restriction in forced vital capacity as a result of 
bracing. Mean FEV, fell by 21% as a result of 
bracing (P<0-01, Table 4), but overall there were no 
significant effects on peak expiratory flow rate: in 
four patients the peak flow fell by more than 25% 
when wearing a jacket, but surprisingly, in three 
patients the peak flow improved by more than 25% 
in the brace,- despite significant impairment in 
forced vital capacity. 


Discussion 


We have shown that in severely weak patients, lung 
function may be significantly impaired in the supine 
position; furthermore, wearing a rigid supporting 
jacket for scoliosis causes further restriction in lung 
volume. 

Posture has an effect on lung function in normal 
adults! with a fall of approximately 5% from erect 
to supine but we have been unable to find any 
published data for children. Twenty normal school- 
children aged 6 to 17 years, however, studied at this 
hospital (Reynolds, 1979, unpublished data) showed 
a mean reduction in forced vital capacity of 4-8% 
from standing to supine positions (P<0Q-02). All of 
the children in group 1 had definite muscle weak- 
ness, but the 6% fall in forced vital capacity from 
sitting to supine hardly differs from the normal 
population. The children in group 2, however, were 
weaker and had the additional disadvantage of 
scoliosis. In this group the mean fall in forced vital 
capacity from sitting to supine was 12%. Four boys 
with Duchenne muscular dystrophy showed reduc- 
tions from 22 to 29%, suggesting a significant degree 
of diaphragmatic weakness. Three of these boys 
showed severe restriction in forced vital capacity as 
a result of bracing, and the fourth was completely 
unable to tolerate a brace. 

It was surprising to find that three of the children 
with substantial impairment in forced vital capacity 
when supine actually improved their peak expira- 
tory flow by 26 to 63% when wearing a brace. It is 
possible that these children might have learned to 


‘make use of the splinting effect of the brace on the 


abdomen and could thus improve their peak flow 
and also improve their capacity to clear secretions or 
cough. 

Spinal bracing using rigid jackets is an important 
stage in the management of scoliosis, since there is 
rapid progression if left untreated, particularly in 
children with muscle weakness. Children with 
severe scoliosis, however, are usually reluctant to 
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wear a brace. We have shown that spinal bracing for 
se vere scoliosis results in a considerable reduction i in 
ferced vital capacity, and this may contribute to 
d:fliculty in tolerating the brace, particularly as lung 
function is already seriously impaired by weakness 
o7 the intercostal muscies and diaphragm. The 
recuction in forced vital capacity due to bracing was 
p-eportional to the angle of the scoliosis and the 
d> gTee of oe achieved by Me PEACE ang ae 


more ker to be lere. since Hees jacket hak litle 
eleeri on lung function yhen ue as is miid; 


smEgery ok bracing. Oai on as “the 
wyer procedure or Harrington instrumentation may 
require prolonged immobilisation in the supine 
ee which would be extremely hazardous in a 

aid with severe diaphragmatic weakness. In such 
cases the newer Luque procedure'* may be prefer- 
ave, since earlier mobilisation is possible after 
sagery. Regular assessment of lung function using 
sample spirometry can give valuable information 
adout the effects of bracing and about diaphrag- 
matic function. The results may help to predict 
which children will be able to tolerate spinal 
bracing, and to decide on the timing of spinal 
sargery. 


Wethank Dr Debbie Hodes and Miss Caroline Dixon for their help 
wath: Chis project, 
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Interleukin-1 in malnutrition 


P BHASKARAM AND B SIVAKUMAR 
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SUMMARY The effect of malnutrition on the in vitro production of interleukin-1 by lipopolysac- 
charide stimulated circulating monocytes has been investigated in children suffering from 
kwashiorkor and marasmus. The interleukin-1 activity was significantly lower in children with 
severe malnutrition. Furthermore, macrophages from children with kwashiorkor produced 
factors that suppressed mouse thymocyte proliferation. These observations show a significant 
impairment of macrophage function and provide a mechanism for the suppression of cellular 


immunity in malnutrition. 


$ 


Recent advances in immunology have highlighted 
the role of macrophages in resistance to infection. 
In vitro studies have shown that macrophage derived 
factors can substitute the parent cell in supporting T 
lymphocyte functions.’ The antigen specific activa- 
tion of T celis is dependent upon two distinct signals 
from macrophages. The Ia* macrophages present 
antigen to T cells in an immunogenic form that 
constitutes the first signal for T cell activation. 

Lymphocyte activation factor, which has been desig- 
nated interleukin-1,* provides a maturational signal 
to antigen or mitogen primed T lymphocytes,” and 
thus leads to the elaboration of interleukin-2, which 
is necessary for, the amplification of the cell medi- 
ated immune response. 

Several clinical studies have shown that severe 
protein energy malnutrition adversely effects cell 
mediated immune responses.‘ ° The effect of severe 
malnutrition on the functional state of macrophages, 
however, has not been established. Therefore, we 
have tested in vitro interleukin-1 activity of mac- 
rophages in children suffering, from severe protein 
energy malnutrition. | 


Subjects and methods 


Eleven children aged between 2 and 5 years suffer- 
ing from severe protein energy malnutrition were 
investigated. These children were admitted to the 
children’s nutrition ward of Niloufer Hospital for 
treatment of kwashiorkor or marasmus. Five out of 
the 11 children investigated had kwashiorkor with 
severe growth retardation, oedema, and mental 
changes. Six children had marasmus with wasting 
and severe growth retardation. Children with overt 
infections were excluded from the study. Age 
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matched, well nourished children were selected as 
controls, based on their weight/age.° 

The general procedures for isolation of mac- 
rophages and assay of interleukin-1 have been 
described by Blyden and Handschumacher.’ Ten ml 
heparinised (4 U/ml) blood was collected from each 
child. Parental consent was obtained. 

Mononuclear cells were isolated on Ficoll Paque.® 
The mononuclear cell layer was washed twice with 
phosphate buffered saline.: The cells were aliquoted 
into sterile petri dishes containing 1 ml Rosewell 
Park Memorial Institute medium (RPMI) with 10% 
fetal calf serum (FCS). After incubation for one and 
a half hours at 37°C the supernatant fluid containing 
non-adherent cells was discarded, and the adherent 
cells were washed twice with the same medium. 


Production of imterleukin-1. Twenty pg lipo- 
polysaccharide/ml (Difco) was added to each petri 
dish containing adherent cells in 1 ml RPMI contain- 
ing 1% FCS. To establish the inhibitory effect of 
macrophage derived prostaglandins on production 
of interleukin-1,’ indomethacin (Sigma) was added 
at a final concentration of 7 pg/ml to one of the petri ` 
dishes and incubated at 37°C for 24 hours. The 
supernatant was collected and was centrifuged at 
1000 rpm for five minutes to remove any particulate 
material and then frozen in a volume of 1 ml each. 
The adherent cells were dislodged from the plastic 
surface using 1% trypsin and were suspended in a 
volume of 1 ml RPMI containing 1% FCS. The cell 
count was determined in a haemocytometer. The 
cells were washed twice using the same medium and 
then disrupted by repeated freezing and thawing ina 
methanol bath, followed by treatment with a 
polytron homogeniser for three minutes at maximum 


speed. The cell lysate thus obtained was centrifuged 
at 1000 rpm for five minutes to remove the particulate 
material and was frozen m a | mi volume for 
stowage. Preliminary experiments determining inter- 
lewkin-1 activity from this material indicated that 
cel disruption was complete. 


Assay of interleukin-1. Thymocytes obtained from 
4—@ week old albino Swiss inbred mice were used as 
the target cells. Animals were killed by cervical 
didocation and the thymus gland removed. A 
thymocyte suspension was prepared by gently teas- 
ing the thymus gland in cold Hanks’s balanced salt 
solution. Thymocytes were suspended in RPMI 
medium with 10% FCS layered in petri dishes and 
incubated at 37°C for one and a half hours to remove 
adnerent cells. The supernatant fluid was centri- 
fuged at 10 000 rpm for five minutes and the cells 
resuspended in RPMI containing 1% FCS. The 
cel count was adjusted to 210° cells/0-1) ml. 
Interleukin-1 samples were assayed in triplicate by 
the addition of 0-1 ml of the sample obtained from 
the crude supernatant lysate, prepared in serial 
dikations ranging from [:10 to 1:320. Interleukin-1! 
a was feng ieee BY aaa aa ae 





Si houi a In all Nea assays, the bile 
of anterleukin-1 to potentiate the thymocyte respon- 
siveness to phytohaemagglutinin was measured. The 
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Fiz. | Dose response curve indicating the relation beiween 
decreasing thymidine incorporation and increasing dilution 
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test material was added in a volume of 0-1 mi with 
0-03% phytohaemagglutinin (Burroughs-Wellcome) 
to the thymocyte culture containing 2x 10° cells in 3 
mi RPMI with 1% FCS. Thymocyte cultures stimu- 
lated with phytohaemagglutinin alone served as 
controls. °H Thymidine incorporation into DNA 
was measured by the addition of 74 kBq (2 uC) of 
tritiated thymidine at 72 hours. Twenty four hours 
later the cultures were harvested and placed 
toluene based scintillation fluid and the radioactivity 
measured in a liquid scintillation counter. Inter- 
leukin-1 activity was expressed as the difference of 
mean (SE) counts per minute between the test 
culture and the control cultures in appropriate 
dilutions. A representative dose response curve is 
given in Figure 1 to indicate the log linear relation 
between the decrease in thymidine incorporation 
with increasing dilution of the test material. 


Results 


The numbers of macrophages recovered from the 
peripheral blood ranged from 4-610° in both 
controls and malnourished children. The total 
interleukin- activity obtained by pooling the ac- 
tivity in supernatant (extracellular activity) and cell 
lysate (intracellular activity) in corresponding dilu- 
tions was significantly higher in culture systems with 
indomethacin compared with those without (Fig. 2). 

The interleukin-1 activity was found to be distri- 
buted almost equally in the extracellular and in- 
tracellular fractions in normal children (Fig. 3). The 
total interleukin-] activity in normal children was 
found to be significantly higher than in children with 
marasmus or kwashiorkor (Fig. 4). In children with 
marasmus the intracellular and extracellular activi- 
ties were found to be significantly lower than the 
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corresponding activities in normal children (Fig. 5). 
In children suffering from kwashiorkor. however, 
the thymidine incorporation in cultures with mac- 
rophage material was less than the incorporation 
observed with phytohaemagglutinin alone; this 
accounts for the negative figures (Fig. 4). 
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Fig. 5 duracellular and extracellular interleukin-1 
activity in children with marasmus. 


Discussion 


It is well established that macrophages play a crucial 
though non-specific role in cellular immune re- 
sponses. la’ macrophages are involved in the 
processing and presentation of antigen to specific T 
lymphocytes.” Further, they are involved in the 
elaboration of interleukin-!, which provides a 
maturational signal to the antigen primed T lympho- 
cyte. 

The adverse effects of malnutrition on cell medi- 
ated immunity are thought to be due to defective T 
cell function. Experimental studies determining the 
effect of malnutrition on macrophage function are 
few and controversial. |} Recent clinical studies 
from this laboratory have shown that mobilisation of 
monocytes in vivo to a site of injury Is impaired in 
malnourished children.'” The decreased opsonic 
activity of the serum due to lowered complement 
concentrations in such children might impair the 
phagocytic capacity m vivo." 

The present study confirms that macrophage 
derived interleukin-1 activity is present in the cell 
lysate as well as in the supernatant.'* This finding 
strengthens the importance of estimating intracellular 
and extracellular interleukin-[ activity separately. 
The activity of interleukin-1 was found to be almost 
equal in the intracellular and extracellular compart- 
ments in normals. Gery, however, reported higher 
intracellular interleukin-1 activity from lipopolysac- 
charide stimulated macrophage;'* the explanation 
for this difference is not clear. 

The suppression of interleukin-1 in culture sys- 
tems without indomethacin and restoration of 
interleukin-1] activity with indomethacin confirms 
earlier observations that macrophage derived pros- 


amwa 


taglandins are involved in suppression of inter- 
leckin-1 activity.” 

n the present study decreased interleukin-! 
acivity is shown in patients with severe protein 
encrgy malnutrition. As both intracellular and 
ex ‘racellular activity is lowered in children with 
mèrasmus, the intracellular production of inter- 
leukin-1 is probably compromised. In addition, the 
Significant suppression of phytohaemagglutinin 
induced thymocyte responses in patients with 
kwashiorkor suggests the presence of a macrophage 
derived suppressor factor(s). 

Fhe reduced interleukin-1 activity and the pos- 
sitle production of a suppressor factor provide a 
mechanism for the defect in cell mediated immune 
responses in severely malnourished children. 


We are grateful to the Director, Dr B $ Narasinga Rao. for his 
keun interest in the study. We acknowledge the skilful technical 
heto provided by Mr B Narayan Goud. 
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Plasma concentrations of clonazepam after single 


rectal administration 


G W RYLANCE, J POULTON, R C CHERRY, AND R E CULLEN 


Children’s Hospital, Birmingham 


SUMMARY Clonazepam was EE rectally to six children aged 1-4 to 4- 7 years in a dose of 
0-05 mg/kg and to five children aged 1-4 to 4-1 years in a dose of 0-1 mg/kg. Plasma 
concentrations indicate that it is rapidly absorbed, and it may therefore be an alternative to rectal 
administration of diazepam in continuing convulsions. 


Diazepam is considered to be the drug of choice for 
continuing convulsions.! Used rectally, it is a safe 
and rapidly effective treatment that can be adminis- 
tered easily and conveniently by paediatric resi- 
dents, general practitioners, nurses, and parents.' 
It may, however, cause respiratory depression,’ and 
convulsions sometimes recur after initial sup- 
pression.” 4 

Intravenously aoier clonazepam is effec- 
tive in all forms of continuing convulsions” ê and has 
a longer duration of action than diazepam.® Respira- 
tory depression seems to occur much less commonly 
than with diazepam. Blood concentrations after 
rectal administration in adults are similar to those 
achieved after intravenous administration,’ but the 
rate and extent of absorption of rectally adminis- 
tered clonazepam in children is not known. 

We have determined the plasma concentration 


Table 


time profiles after rectal administration of two 
different doses. 


Methods 


Eleven children (nine boys and two girls) were 
included in the study. Their ages ranged from 1-4 to 
4-7 years (Table). They were all in good general 
health but had previously had convulsions associ- 
ated with fever. One child was taking sodium 
valproate and another carbamazepine regularly. 
The test doses were given to confirm adequacy of 
absorption and suitability for individual home use. 
Ethical approval from the local district research 
ethical committee had been obtained. 

The commercial appropriately diluted intra- 
venous preparation Rivotril (Roche, UK) was admi- 
nistered directly into the rectum through 1 ml 


Plasma clonazepam concentration in I1 children after single rectal dose administration (ng/ml) 


Case no Age Other ' Dwe Time after administration 
(vrs) drugs (mgikg) 

Minutes Hours 

0 2 4 7 id 20 30 I 2 4 12 
i 4-6 : 0044 -=-= = = = — = á 
2 4-7 1 0046 me 28 == o o e 
3 46 ' 0050 ~ ~ — 1-0 — l-l 2:1 1-4 1:7 1300 =~ 
4 1-4 0-050 —_ nen — — — 5:7 7-5 11-0 7-4 104 = 
5 2:3 Carbamazepine  ' 0-040 ma _ — — 8-5 8-2 12-0 8-5 9-5 47 — 
6 1-4 1 $650 — ~ — 3-4 4-5 10-7 11-5 72 7-2 5-8 32 
7 2-0 0-091 mm _ — 71 28-0 23-3 11:7 10-5 12-3 73 53 
8 3-3 0-099 — e — 7-1 85-8* 38-6 27-1 40-5 23-7 24-3 187 
9 1-4 , 0-095 — maane — 5-0 Mel 17-9 18-4 17-5 12-3 13-4 8-0 
19 31 Sodium valproate i 0-100 — —_ — — 11-2 i88 250 233-4 27 AI 11-8 
li 4-] : 0-100 — —_ — 7:3 13-2 24-9 26-6 37-6 39-0 18-3 20-2 
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—= Undetectable concentration. 


*Disproportionately high coneentration omitted from peak results and Figure. 
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Plasma concentrations of clonazepam after single rectal administration 


syringes inserted 3 cm through the anal sphincter. 
sx children were given 0-05 mg/kg. and five 
children were given 0-1 mg/kg as bolus injections. 
Venous blood samples were obtained through an 
indwelling heparinised cannula before and at two, 
four, seven, 10, 20, and 30 minutes and one, two, 
fcur, and 12 hours after administration. 

The clonazepam concentrations in children given 
0 5 mg/kg doses were measured by a modification of 
the method using gas chromatography with electron 
capture detection reported by de Silva and 
Bekersley.* The overall precision of these measure- 
ments was +14-3%, and concentrations of 1 ng/ml 
could be determined with a coefficient variation of 
+23%. The concentrations in children given 0-1 
wgikg were measured by the capillary gas chroma- 
tography method reported by de Boer et al.” The 
coefficient of variation of this assay was +15%. 


Results 


The Table shows the clonazepam concentrations for 
each dose. One child (case 1) in the group given 0-05 
mgkg did not achieve detectable concentrations. 
Two others (cases 2 and 3) failed to achieve 
concentrations above the lower limit for detection in 
the group given 0-1 mg/kg. The 10 minute concen- 
tration in case 8 was disproportionately high and out 
of line with the remaining profile. It has been 
omitted from the following results. Peak concentra- 
toas in children given 0-05 mg/kg ranged from 2-8 to 
12-0 ng/ml and occurred 20-60 minutes after rectal 
administration. Peaks of 18-4-40-5 ng/ml occurred 
between 10 minutes and two hours in those given 0-1 
mg/kg. No child in either dosage group had detect- 
ale concentrations before seven minutes. 
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The Figure shows the mean (SE) concentration 
time curve for children given 0-1 mg/kg. 

All children given 0-1 mg/kg became drowsy, fell 
asleep within 20 minutes, and remained so for over 
three hours. Three (cases 8, 10, and 11) remained 
ataxic and incoordinated at four hours. 


Discussion 


Peak concentrations between 10 minutes and two 
hours after rectal administration of solution suggest 
that clonazepam is rapidly absorbed from the 
rectum. These concentrations occurred slightly 
later, however, than those reported for diazepam in 
children.'" |! Peak concentration times after in- 
travenous injection have not been reported in 
children of this age, but it must be assumed that the 
peaks after rectal administration occur later. 

Blood concentrations of clonazepam necessary to 
stop continuing convulsions are not known. Stahl er 
al reported that epileptogenic discharges on electro- 
encephalogram were noticeably reduced or abolished 
for varying periods in four children given clo- 
nazepam intravenously; peak concentrations at 
these times ranged from 7 to 11 ng/ml." Congdon 
and Forsythe found no recurrence of convulsions in 
children with concentrations above 17-7 ng/ml.° In 
adults clonazepam concentrations up to 36-8 ng/ml 
were obtained in volunteers given 2 mg intra- 
venously. This dose is twice that which usually stops 
convulsions in this age group. A therapeutic concen- 
tration threshold of 18 mg/ml might therefore be 
suggested, although this may be higher than neces- 
sary and subject to wide interindividual variation. 
No child given 0-05 mg/kg achieved this concentra- 
tion, but the value was exceeded within 20 minutes 
in all children given the higher dose. Slightly lower 
concentrations achieved by all children within 10 
minutes may well be effective. 

None of the children in this study showed signs of 
respiratory depression. This has been reported 
considerably more often after the use of diazepam 
intravenously, although this may reflect the more 
common use of this drug. Other adverse effects did 
occur, however, in all children in the higher dosage 
group. They had muscular incoordination, ataxia, 
and sleepiness with onset within 20 minutes of 
administration and a duration of at least three 
hours. The three patients who remained ataxic at 
four hours were not so one hour later, although all 
remained drowsy. Although these effects occurred 
when plasma concentrations were highest and were 
only present when concentrations exceeded 18 
ng/ml, except in case 11 who was not ataxic with a 
concentration of 20-2 ng/ml at 12 hours, there may 
be no clear relation between such adverse effects 
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and drug concentrations. Similar concentrations 
produced such effects in only half the children in the 
series reported by Dreifuss er al.'* Whether the 
incidence of such effects after the use of clonazepam 
to stop convulsions represents a major disadvantage 
is not clear. 

If clonazepam is the drug of choice for continuing 
convulsions’? then the facility for a convenient and 
rapidly effective therapeutic approach offered by 
rectal administration would be as important for 
clonazepam as has been shown to be the case in 
practice for diazepam. These results suggest that a 
dose of 0-1 mg/kg clonazepam administered rectally 
to young children may be expected to produce a 
rapidly effective anticonvulsant effect. Further work 
is necessary to confirm its rapid absorption, its 
usefulness as an effective treatment, and to develop 
convenient means of administration along lines 
presently offered by the availability of rectal tubes 
containing diazepam (Stesolid). 


R E Cullen is a research nurse supported by a grant from the 
Birmingham Children’s Hospital Centenary Research Fund. We 
thank Roche Products Limited for undertaking the drug assays. 
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Skort reports 


Congenital hypothyroidism missed on screening 


C A GRANT, D J CARSON, M McC REID, AND J M HUTCHINSON 


The Royal Belfast Hospital for Sick Children, Department of Child Health, Queen's University of Belfast, and 


SJMMARY Three patients with congenital hypothy- 
ryidism missed on routine screening due to normal 
lew thyrotrophin concentrations in the neonatal 
peried presented in later childhood. Clinicians 
sieuld remain aware of hypothyroidism as a cause 
cf morbidity in early childhood despite a national 
screening programme. 


Screening for congenital hypothyroidism started in 
Merthern Ireland in January 1980. Over the last five 
mplete years 137 612 infants have been screened 
amd 33 patients diagnosed hypothyroid. The annual 
ineidence of one in 4170 live births is similar to the 
experience in other European centres.' During the 
same period, three patients with normal screening 
tests taken between seven and 10 days after birth 
were diagnosed clinically hypothyroid at 7-33 
menths of age. These patients were born in 1981 
when the screening policy was to measure whole 
tleod thyroxine concentrations in duplicate on all 
samples and follow up the lowest 20% with an 
estimation of whole blood thyrotrophin concentra- 
tens in duplicate. Patients with thyrotrophin con- 
centrations 225 mU/ were recalled for examination 
end further investigation. The screening method was 
subsequently changed to measuring thyrotrophin 
ameentrations alone on all patients, a practice 
flowed by most centres in the United Kingdom, as 
i. as generally agreed that thvrotrophin screening 
whl identify more patients with hypothyroidism than 





thyroxine screening.” However, the following case 
reports of patients missed on neonatal screening 
have important implications when a raised thyro- 
trophin concentration is used as the only indication 
for recall. 


Case reports 


The initial neonatal screening results are summar- 
ised in Table H. All three patients had thyroxine 
concentrations in the lowest 20% range, so thyro- 
trophin estimations were performed in duplicate 
from the same whole blood sample. As the thyro- 
trophin concentration was not raised no further 
action was taken. 

All three patients, born at term by normal 
delivery, had symptoms from early infancy consis- 
tent with hypothyroidism, most notably prolonged 
jaundice. feeding difficulty, and lethargy. Diagnosis 
was delayed until 7~33 months of age, by which time 
obvious hypothyroid facies, short stature, delayed 
developmental milestones, and delayed bone age 
were present. Thyroxine replacement therapy was 
started with dramatic clinical improvement in each 
case. 

When patients were over 3 years old they were 
assessed by standard intelligence tests. After with- 
drawing thyroxine for a short period a radioisotope 
scan (131I) was performed. These results are sum- 
marised in Table 2. None of the patients had circula- 
ting thyroid antibodies, and their mothers had no 
evidence of thyroid or autoimmune disease. 


Table 1 Neonatal screening results and age at clinical presentation 
Case Na Sex Age (days) Thyroxine Tinsrotrophin Age af Bone age ut 
frimodil) pni edieguaveonis ledenearsis 
imonths) tGereulich and Pyles 
i M 7 4i RRA 7 AN weeks gestation 
z F 8 38 Ta 33 f months 
7 M i0 S3 2 Aa b months 
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Table 2 Results of intelligence tests and effects of thyroxine withdrawal 
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Case No AKE Stanford Biner Duration of 
feeds} petellivere sr Hiyroxine 
seals withdrawal 
fedavnd 
] Jeb KU 74 
2 33 93 M7 
3 Fa H 37 





Conversion: ST to maidittonal nnii- hyroxine. i amills 77 


Discussion 


Three patients with congenital hypothyroidism are 
presented who were not diagnosed by routine 
neonatal thyrotrophin screening despite symptoms 
consistent with that diagnosis from birth. The most 
severely affected patient both clinically and on 
intelligence testing on follow up was found on 
subsequent investigation to have no functioning 
thyroid tissue on radioisotope scan. The two 
patients both diagnosed at 33 months of age with 
hypoplastic or ectopic glands showed dramatic 
physical and intellectual improvement with thyrox- 
ine replacement therapy. This more prolonged 
presentation with less morbidity is consistent with 
some endogenous thyroxine production during the 
critical period of brain growth in infancy and agrees 
with a previous report of higher intelligence quo- 
tients in patients diagnosed at 2 years compared with 
those diagnosed between 6 and 9 months of age. 
Why were low thyroxine concentrations on 
screening not associated with rises in thyrotrophin 
concentrations in the neonatal period? All screening 
procedures are subject to human and laboratory 
error, which are difficult to exclude retrospectively.” 
Unfortunately, the original samples were not avail- 
able for retesting as four tests of thyroid function 
(thyroxine and thyrotrophin in duplicate) had been 
performed on the original dried blood spots. The 
sample still remaining had been autoclaved as a 
routine procedure to denature haemoglobin before 
phenylalanine screening and was therefore unsuit- 
able for repeat estimation of thyrotrophin concen- 
tration. All samples. however. were measured in 
duplicate by reliable assays. No patient was preterm 
or breast fed, 
thyroid disease. A normal increase in thvrotrophin 
concentrations was shown after withdrawal of treat- 
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ment at 3 years of age. The probability remains that 
these patients had an abnormally slow rise in 
thyrotrophin concentrations after birth. Similar 
patients have been described and the suggestion 
made that the cause may be immaturity of the 
hypothalamic- -pituitary—thyroid axis,” 

The present hypothyroid screening policy, using 
thyrotrophin alone, adopted throughout most 
centres in Europe will not detect these patients 
unless a second screening test is routinely repeated 
after a few weeks. Alternatively, thyroxine concen- 
trations could also be measured routinely on all 
samples and low thyroxine results followed or 
investigated. Either procedure would greatly in- 
crease the time and expense of screening and so is 
unlikely to be undertaken routinely. It is important, 
ale tiat Snia connue: to ila aware 


wae te a hae ie screening programme. 
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A simpler way of showing bile duct patency in suspected biliary atresia 
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SUMMARY 99™T'C-diisopropyl iminodiacetic acid 
(DSIDA) scintigraphy after oral phenobarbitone 
treatment accurately indicated bile duct patency or 
obstruction in 28 of 32 (87%) infants, aged less than 
12 weeks. with suspected biliary atresia. 

“his investigation is more rapid than and as 
accurate as the YI Rose-Bengal faecal excretion 
tesi. 


Demonstration of bile duct patency using radionuc- 
lides is often an essential investigation in dis- 


of nappropriate laparotomy and biliary surgery for 
infants with hepatic disease.” make early accurate 
dizgnosis essential. 

Difficulties with the °'T Rose-Bengal faecal ex- 
cretion test, which requires a 72 hour stool collec- 
tian, have prompted consideration of new isotope 
exeretion tests. Iminediacetic acid (IDA) com- 
pounds are rapidly removed from the circulation by 
the liver and excreted in bile and, when labelled 
wih “technetium, the biliary-intestinal excretion 
mzy conveniently be shown with a gammacamera. 

A new IDA compound, diisopropyl IDA 
(DISIDA) with improved lipid solubility allowing 
he datic uptake at a high serum bilirubin concentra- 
tien and with a shorter hepatobihary transit time, 


has theoretical advantages over earlier IDA 
conpounds, which often fail to distinguish biliary 


+ 


atbesia from hepatic disease.” We report an assess- 
ment of the value of DISIDA scintigraphy in 50 
coasecutive infants investigated because of con- 
jugated hyperbilirubinaemia in the first 12 weeks of 
life. 


Patients and methods 


AJ SO infants were investigated for possible genetic, 
metabolic, infective. and structural causes of 
hepatobiliary disease. DISIDA scintigraphy was not 
cacried out in 18 infants as they had either pig- 
mented stools (13). a; antitrypsin deficiency (PIZ) 


previously diagnosed by phenotyping (four), or the 
presence of a choledochal cyst on ultrasound (one). 
DISIDA scintigraphy was performed in 32 intants in 
whom distinction between biliary atresia and hepatic 
disease was difficult. Of these, 21 subsequently had 
IT Rose-Bengal faecal excretion studies. 


Radionuclide tests. In 32 infants 40 mBq (1 mCi) 
“™To-DISIDA was injected intravenously after a 
three day course of oral phenobarbitone (5 mg/kg’ 
day). Imaging was carried out at five minute 
intervals for the first hour and then at hourly 
intervals for 10 hours or until radioactivity was seen 
in the intestines. If excretion was still not apparent 
imaging was repeated at 24 hours. In 21 infants 0-2 
mBq (5 aCi) I Rose-Bengal was injected in- 
travenously. Stools were then collected for three 
consecutive days, taking care fo avoid urinary 
contamination. 


Results 


Diagnoses and results of the radionuclide tests are 
shown in the Table. There was no biliary excretion 
of DISIDA in 23 infants. Billary atresia was con- 
firmed at laparotomy in 20 of these. In two infants 
liver biopsy specimens showed features of bile duct 
hypoplasia, and their subsequent course confirmed 
the diagnosis. The other child had histological 
features of biliary atresia, but laparotomy was not 
performed because of advanced liver disease with 
ascites. No post mortem was performed. There was 
delayed excretion of tracer at 24 hours in three 
cases: one had a bile duct plug diagnosed at 
laparotomy. one had q, antitrypsin deficiency, and 
one had severe familial neonatal hepatitis of un- 
known aetiology. Excretion of DISIDA was evident 
by three hours in six infants, one with a; antitrypsin 
deficiency and five with hepatic disease suggested by 
liver biopsy and confirmed by subsequent clearing of 
jaundice. B! Rose-Bengal faecal excretion was less 
than 10% in all 14 with biliary atresia and in four 
others with acholic stools, one of whom had a, 
antitrypsin deficiency (delayed excretion of 
DISIDA) and three with intrahepatic disease (one 
of whom had no excretion of DISIDA). Diagnostic 
accuracy was therefore 87% (28 out of 32) for 
DISIDA and 81% (17 out of 21) for Rose-Bengal. 


tie 
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Table Diagnoses and results of the radionuclide tests in the 50 infants 














percutaneous liver biopsy DISIDA scintigraphy 


Diagnosis No | DISIDA Rase-Bengal 
| No ` Rapid Delayed Not done <10% >10% Not done 
| excretion excretion 
Billary atresia 21 | 26 0 i 14 0 7 
Bile duct plug 1 | 0 0 0 0 0 1 
a; Antitrypsin deficiency 6 0 I 4 1 0 5 
Hepatic disease 22 | 3 ‘ 5 {3 3 3 16 
Total 50 | 23 6 18 18 3 29 
i 
Di ion | 


A skilfully interpreted percutaneous liver biopsy 
specimen and H Rose- -Bengal faecal excretion test 
have been shown to discriminate between biliary 
atresia and hepatic disease nce genetic disorders 
have been excluded." Neither test alone is reliable. 
The use of P! as a tracer in infancy is not ideal as it 
is a beta emitter with a long|half life, although the 
dose is very small. The test also involves collection 
of stools for three days, carefully avoiding urinary 
contamination that may invalidate the result. This 
study suggests that DISIDA scintigraphy after treat- 
ment with phenobarbitone is as accurate as the 
Rose-Bengal test. Whether it Is necessary to use 
phenobarbitone is uncertain," ° It was used in this 
study because five of seven infants with hepatic 
disease had no excretion of paraisopropy! IDA 
when tested without phenobafbitone bu but did excrete 
after treatment with phenobarbitone.® 
DISIDA scintigraphy has the drawback that it is 
subjective, allowance having to be made for isotope 
in the kidneys and bladder,| and time consuming. 
Assessment of hepatic uptake of DISIDA may 
increase diagnostic accuracy.’ > Nevertheless, when 
used in conjunction with ultrasonography, tests for 
infective and genetic causes;of liver damage, and 


represents a considerable advance in distinguishing 
complete from partial cholestasis in early infancy. 


We thank Pamela Golding for typing the manuscript and Dr J J 
Barrett, Nuclear Medicine Department, ‘for his help. 
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SUMMARY In six patients with thrombocytopenic 
purpura not cured by spleneptomy platelets fell to 
<150x10°/1 within six weeksiof splenectomy. They 
‘failed to respond’. Two underwent splenuncu- 


| 


| 


lectomy without improvement. Splenunculectomv 
offered little chance of improvement to published 
cases who failed to respond but may well be helpful 
after true relapse. 
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A small proportion of children with persisting 
idic pathic thrombocytopenic purpura are not cured 
by splenectomy.’ It has long been postulated that 
enlarged accessory spleens may be responsible for 
reearrent thrombocytopenia in some splenecto- 
mised patients, and splenunculectomy has cured or 
improved several such patients.” 5 

With this aim we reinvestigated seven patients 
whe were not cured by splenectomy and offered 
splenunculectomy to those with persistent bruising 
in whem an accessory spleen was shown. 








Methods 


Placelets were labelled with '''In-oxine under asep- 
tic conditions. Eight MB, of labelled platelets were 
injected intravenously and anterior and posterior 
abcominal scintigraphs obtained at one hour and 
one, two, and three days with a gammacamera. 


Patients 


The seven patients were aged between 4 and 12 
yeers (mean 8 years) at the onset of the purpura. 
Sp-enectomy was performed between one and four 
years (mean two years) after diagnosis. The response 
te splenectomy in the seven patients is shown in the 
Ficure. Case 7 became thrombocytopenic and started 
braising again at one year after splenectomy. 
Indium scans were obtained between two and 
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19 years (mean 10 years) after splenectomy. 
Enlarged accessory spleens were found in cases 
l to 4. Cases 3 and 4 underwent splenunculectomy. 
Neither was improved. 


Discussion 


The response to splenunculectomy in cases 3 and 4 
was disappointing and caused us to review more 
critically the published reports. The role of splenun- 
culectomy in patients with idiopathic thrombocy- 
topenic purpura who have not been cured by 
splenectomy has been obscured by loose use of the 
term ‘recurrent’ and by widely differing interpreta- 
tions of what constitutes a remission. For example, 
Wallace et al required a platelet count > 150 10°] 
at an unspecified time after splenectomy,’ and 
Verheyden et al, in their survey of cases in the 
English reports, included two whose post splen- 
ectomy ‘remissions’ lasted only 12 and 30 days.* 

In our experience some rise in the platelet count 
occurs m almost all children with idiopathic 
thrombocytopenic purpura immediately after 
splenectomy, but it is unlikely to be sustained unless 
the count exceeds 300 10°/ in the first week.! It is 
also clear from the patients shown here that such a 
rise does not guarantee cure. We classified empiri- 
cally those patients not cured by splenectomy whose 
counts fell below 150x10°A within six weeks, 
irrespective of their peak concentrations, as having 


3 Figure Platelet counts in the seven 
patients not cured by splenectomy. 


Pre-S=pre-splenectomy. S=splectomy, 
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idiopathic thrombocytopenic purpura that ‘failed to 
respond’ to splenectomy. Only case 7 could be 
considered to have a true relapse of the purpura, 
and he did not have an sealer accessory spleen. 

Despite clinicians’ enthusiasm for removing acces- 
sory spleens, this operation has produced a remis- 
sion in less than a third of s presenting up to 
1981.° “ Application of our criteria to these cases 
suggests that half of those with true relapses of 
idiopathic thrombocytopenic, purpura responded 
while none who failed to respond to splenectomy 
did. ‘To this latter group may now be added our own 
two patients. In 1981 Pawelski et aP described 12 
patients with apparently true relapses of the purpura 
after splenectomy, all of oad were cured by 
splenunculectomy.” 

Purpura that fail to respond to splenectomy should 
be distinguished from true post splenectomy relapses. 
This has not been the case in the past. Although the 
number of children not cured by splenectomy in our 
centre is small, we believe that criteria such as ours 
(platelets <15010°/1 within six weeks of splenec- 
tomy) may identify a group of patients very unlikely 


to respond to splenunculectomy. Patients who have 
had a true relapse of the purpura after apparently 
successful splenectomy in whom an enlarged acces- 
sory spleen is shown may well benefit from its 
removal. 


The authors thank Miss J Gibson for meticulous record keeping 
and for plotting the platelet counts. 
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dextran treatment occurred] in an infant with 

Down’s syndrome. Haematological abnormalities 

recurred on subsequent challenge. Positive migra- 

tion inhibiting factor and mast cell degranulation 
. | . 

tests support an allergic pathogenesis for the pancy- 

topenia. These side effects have not been reported 


previously. | 


Severe, even fatal, allergic reactions are known to 
occur after parenteral administration of iron- 
dextran (Imferon). We deseribe a patient who 
developed sma ser nr leucopenia, and 


SUMMARY Pancytopenia red intramuscular iron- 


haemolytic anaemia after intramuscular injection of 
iron-dextran. These haematological abnormalities 
recurred on subsequent challenge. 


Case report 

| 
A 1 year old girl with Down’s syndrome was 
admitted to our department. Blood count showed an 


iron deficiency anaemia with haemoglobin concen- 
tration 83 g/l, packed cell volume 0-28, mean 
corpuscular volume 71 fl, leucocytes 8X107/1 (70% 
neutrophils, 12% band forms, 16% lymphocytes, 
2% monocytes), and platelets 165x107. Serum 
iron concentration was 2:3 mM/I (12-7 ug%). Iron 
binding capacity was 55 mM/ (307 pg%). Intra- 
muscular iron-dextran (30 mg/kg) was given in three 
divided doses over six days because of feeding 
problems and poor-compliance. Ten days later the 
haemoglobin concentration rose to 98 g/l, and the 
reticulocyte count was 4-8%. The leucocyte count 
was 9-7X10°/1 with normal differential count, and 
the platelet count was 180x107. She was dis- 
charged home but was readmitted to hospital one 
month later. Her blood count showed pancytopenia 
with haemoglobin concentrations 74 g/l, packed cell 
volume 0-24, mean corpuscular volume 85 fl, 
leucocytes 3-3x10°/1 (49% neutrophils, 4% band 
forms, 43% lymphocytes, 2% monocytes, and 2% 
eosinophils), and platelets 50x10°/1 (Figure). 
Direct and indirect Coombs’ tests were negative, her 
glucose-6-phosphate concentration was normal, and 
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her haptoglobin concentration was undetectable. 
Bene marrow aspirate showed normal reactive 
hyzercellularity of all blood elements. 

serum concentrations of IgG. IgA. IgM., and C3 
were 12-35 g/l, 0-67 g/l, 1-21 g/l, and 0-74 g/l, 
respectively. Antinuclear antibodies. rheumatoid 
factor, antithyroid, anti-parietal cell, antimito- 
chondrial and anti-smooth muscle antibodies were 
all negative. Total lymphomononuclear counts 
raaged between 0-3x 10° and 3-08 10°. B and T 
cel numbers could not be determined; the response 
to phytohaemagglutinin mitogen, however, was 
newmal, whereas the response to pokeweed mitogen 
wes reduced. 

At this stage a challenge with a single dose of 10 
mg/kg tron-dextran intramuscularly was performed 
after informed consent had been obtained from the 
pacents. Two weeks later pancytopenia reappeared 
wich haemoglobin 76 g/l, packed cell volume 0-26, 
mean corpuscular volume 100 fl, reticulocytes 10%. 
leccocytes 2-8 10°/1 (53% neutrophils. 11% band 
forms. 26% lymphocytes, 6% monocytes, and 4% 
eosinophils). and platelets 22x 10°. The haptoglo- 
bra concentration dropped again to an undetectable 
lesel (Figure). 

‘Tests with iron-dextran for the presence of a 
mæration inhibition factor and mast cell degranula- 
tiem were positive. Six weeks later the haemoglobin 
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concentration rose spontaneously to 113 g/l, packed 
cell volume to 0-39, mean corpuscular volume to 103 
fl, leucocytes to 8-1x10°/1, platelets to 140 10°/), 
and haptoglobin concentrations to 1-09 g/l ( Figure). 


Discussion 


Many adverse reactions associated with the adminis- 
tration of parenteral i iron-dextran preparations have 
been described.’ Local reactions may include pain at 
the injection site, skin discoloration, and local 
inflammation. An association between intramuscu- 
lar iron and subsequent development of soft tissue 
sarcoma has also been reported.” Adverse systemic 
reactions may be immediate or delayed and include 
headache, nausea, vomiting, muscle and joint pain, 
generalised lymphadenopathy, fever, broncho- 
spasm, and anaphylactic reactions, which may be 
fatal. The dextran component itself is known to 
cause immune complex mediated (type HI} anaphy- 
laxis in man.” Berliner ef al described allergic 
non-thrombocytopenic purpura after intravenous 
administration of iron dextran (Imferon) with posi- 
tive reaction of migration inhibition factor to this 
drug.” Haematological abnormalities after adminis- 
tration of iron were described, but a non-immune 
mechantsm was suggested as the aetiology: Hamblin 
and Simmonds described neutropenia associated 
with treatment with iron and proposed a non- 
immune mechanism, where the stem cells are 
diverted trom granulocyte production into erythro- 
cyte production.“ They alternatively suggested that 
the iron may have a direct toxic effect on the bone 


marrow. Fielding and Smith have shown non- 
immune haemolytic activity of an iron-dextran 


complex in an in vitro model." 

We emphasise that immunological disturbances 
are well recognised in Down's syndrome. Cellular 
immunity is impaired, as manifested by decreased 
number and function of peripheral T lymphocytes. 
There is usually an increase in the concentrations of 
serum IgG, IgA, and IgD with normal IgM. Cellular 
immunodeficiency is a known predisposing factor of 
autoimmunity, and may have contributed to the 
unusual adverse reaction to the drug in our patient. 

Iron deficiency per se may affect immune compe- 
tence. An additional factor behind the adverse 
reaction to iron-dextran in our patient may have 
been a defective host-defence mechanism induced 
by the iron deficiency itself. 

Our patient developed thrombocytopenia, leuco- 
penia (neutropenia and lymphopenia), and hae- 
molytic anaemia after intramuscular administration 
of iron-dextran. These haematological abnormalities 
reappeared after a challenge with iron-dextran and 
were accompanied by positive migration inhibition 
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factor and mast cell degranulation, suggesting 

hypersensitivity to this drug. | 
| 

We thank Ella Livni, PhD, Clinical Laboratory, Beilinson Medical 

Center, who performed the migration inhibition factor and mass 

cell degranulation tests and Ms N Alon for her technical help. 
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i 

SUMMARY ‘Thirty preterm infants (birthweight 
under 1500 g) were treated with phenobarbitone to 
examine its effectiveness in reducing the incidence 
of intraventricular haemorrhage (IVH), the control 
group comprising 28 infants. The treated group had 
57% incidence of IVH and mortality of 13% 
compared with 68% and 14%, respectively, in 
controls. | 
Since barbiturates have been shown to have neuro- 
protective effects several reports have examined the 
effectiveness of phenobarbitone in the prevention of 
intraventricular haemorrhage (IVH) in preterm 
infants. The conflicting results obtained in these 
trials led us to re-evaluate [this issue using the 
protocol of Donn et al, who showed that phenobar- 
bitone reduced the incidence of IVH.! 


Subjects and methods | 


Í 
We studied 58 preterm infants, (birthweight less than 
1500 g) who had no congenital malformations and 
whose mothers had not received phenobarbitone 
before their delivery. We randomly allocated these 
infants into control and treatment groups. The two 
groups were comparable with respect to birth- 
weight, gestational age, race, Sex, mode of delivery, 
and Apgar score. The control group (n=28, birth- 
weight 1120 (SD 218) g) received supportive care 
only. The treatment group (n=30, birthweight 1119 
(SD 264) g) received aa for the first 


| 
! 
| 


week of life, starting at less than 6 hours of age. We 
administered phenobarbitone in a loading dose of 20 
mg/kg divided into two equal doses administered 
intravenously 12 hours apart and a maintenance 
dose of 2-5 mg/kg every 12 hours. We obtained 
blood concentrations of phenobarbitone before the 
first maintenance dose and then at 3-5 days of age 
and adjusted the dose to achieve phenobarbitone 
trough blood concentrations of 20-30 ug/ml. 

We obtained ultrasound brain scans on days 1, 3, 
and 7 of life and subsequently at weekly intervals in 
infants with IVH. Haemorrhages were graded as 
follows: grade 1, germinal matrix haemorrhage; 
grade 2, intraventricular haemorrhage with normal 
ventricle size; grade 3, intraventricular haemorrhage 
with ventricular dilatation; grade 4, intraparenchymal 
haemorrhage. The data were analysed by Student’s t 
test to compare the means and y“ test to compare 
the proportions in the two groups. Differences were 
considered significant if the value of p was 0-05 or 
less. 


Results 


The number of infants in the two groups who 
required assisted ventilation, treatment with bicar- 
bonate, volume expansion, and indomethacin for 
patent ductus arteriosus was comparable. In addi- 
tion, the number of infants who developed hypoxia 
(arterial oxygen tension <40 mm Hg), hypercarbia 
(arterial carbon dioxide tension >60 mm Hg), or 
pneumothorax was also similar. Blood concentra- 
tions of phenobarbitone (mean (SD)) before the 
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Table 


No IVH Degree of haemorrhage 

Grade | Crrade 2 
Treated infants {n=} 13 (43) I (3) 2 {7 
Commr infants (1=25) 9 (32) 3 1h) 6 {2} 


Effectiveness of treatment with phenobarbitone in 30 infants compared with 28 control infants in reducing 


intraventricular haemorrhage (I1VH). Values are number (%) of infants 


Total IVH Deaths 
Grade 3 Grade 4 
o (30) 5 ¢i7) 17 (37) 4 (13) 
§ (29) 2 (7) 19 (68) 4 (14) 


Deger of haemorrhage: grade |, germinal matrix hacmorrhage: grade 2, intraventricular haemorrhage with normal ventricular size; grade 3, intraventricular 
haemerrhaze with ventricular dilatation: grade 4, imtraparenchymal haemorrhage. 


first maintenance dose was 25 (9) ug/ml and after 
3-5 days of treatment was 34 (19) ug/ml. No 
complications related to administration of pheno- 
ba-titone were noted except for apnoea in one 
infaat who had a blood concentration of phenobar- 
bitone of 65 ug/ml. 

The Table shows the outcome of our study. Post- 
hazmorrhagic hydrocephalus developed in four 
(1-3) of the control group and in five (17%) of the 
greup given phenobarbitone. There was no signifi- 
cast difference in the two groups with regard to the 
incidence and severity of IVH or mortality. 





Discussion 


Our results indicate that phenobarbitone adminis- 
tered in anticonvulsant doses to very low birth- 
weieht infants in the first week of life is ineffective in 
redwcing the incidence or severity of IVH. These 
results are in contrast to those of Donn et al, who 
have shown a significant decrease in the incidence of 
IVE from 47% in control infants to 13% in treated 
infaats. We achieved similar blood concentrations of 
phesobarbitone, which were maintained over the 
first week of hfe. We have also been unable to 
covirm the results of Bedard et al who have shown 
de :eased severity of IVH in treated infants.” Our 
results are, however, in agreement with those of 


Morgan et al and Whitelaw et al, who were unable to 
show any benefit from treatment with phenobar- 
bitone.* * 

In conclusion, despite achieving blood concentra- 
tions of phenobarbitene in our treated infants that 
seemed to be effective in one trial,! we were unable 
to show a decrease in either the incidence or severity 
of IVH in very low birthweight infants treated with 
phenobarbitone. 
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I looked at the list of former Windermere lecturers 
and realised the great honour conferred on me by 
being invited to give this lecture. It is also a tribute 
to the vigour of Nigerian paediatrics and paediatri- 
cians, whose frustrations and achievements form the 
major part of this lecture, and to those paediatri- 
clans, mostly your members, who set us on our 
path—Dick Jelliffe, the late Bob Collis. Arthur 
Tompkins, Ralph Hendrickse, David Morley, Hugh 
Jolly, the late Bruno Ganz, the late Richard Dobbs, 
and Bob Prosser, to name a few-——and to those of 
you in this country who have inspired, taught, and 
supported us in our gigantic struggle to improve the 
health of our children. 

Before the arrival of paediatrics in Nigerta in 
1952, children were given scant attention. The 
earliest health services were provided for sailors and 
slaves. Malaria took a heavy toll of the lives of 
explorers and missionaries who ventured inland. but 
the latter were the most persistent and dedicated to 
providing services for the indigenes. The govern- 
ment services were developed mainly to care for 
European civil servants and army personnel and 
were also preoccupied with eradicating malaria and 
improving sanitation. From 1900 onwards small 
hospitals and dispensaries were in evidence in towns 
with no medical missionary establishments. By 1925 
Lord Lugard wrote: 

‘The diseases of tropical Africa are comparatively few, 
blackwater fever, malaria, dysentry and anaemia are the 
principal ones. Lung diseases, enteritis and cholera are 
rare or uncommon among Europeans. We have now, in 
the African Tropics, a most efficient medical service, and 
generally speaking, excellent hospitals with an adequate 
nursing staff. To the skill of the doctors and the improve- 
ments they have effected in sanitation etc, it is due that the 
returns of deaths and invalidings now show such a 
wonderful decrease.”! 


“Windermere Lecture, 1984. given at the 30th Annual Meeting of 


the British Paediatric Association. 
Since giving this iecture Professor Ransome-Kuth has been 
appointed Minister for Health in Nigeria. 


The historian of the Nigerian health services, 
Ralph Schram, comments: ‘Lugard undoubtedly felt 
that the advances were wonderful, but for 9-5 
million Africans in Nigeria, the day of excellent 
hospitals and improvements in sanitation were still 
far off.” 

Dr I L Oluwole began the first school health 
services in Lagos in 1925, and maternal and child 
welfare services were established in the rural areas, 
mostly by missionaries, around 1926. One of the 
earliest was in Ilesha, where, many years later, 
Professor David Morley carried out his historic 
studies. In the 1920s it was noted that deliveries 
often took place on the mud floor. The rooms were 
dark, smokey, and overcrowded. The deliveries 
were supervised largely by grandmothers, who often 
introduced puerperal sepsis. The babies were left 
unattended until the third stage of labour, with 
oozing cords open to infection from tetanus. a risk 
only increased by dressing the cord with cow dung. 

In 1930 consciences were stirred in Britain about 
the health of mothers and children in Nigeria, and 
Dr Mary Blacklock was sent out by the Leverhulme 
Research Foundation to investigate ‘certain aspects 
of the welfare of women and children in the 
colonies’, but little action was taken. In 1931 a 
report on health in colonial Africa stated that ‘the 
main factors which led to high infant and general 
mortalities are lack of sanitation, widespread inci- 
dence of debilitating diseases such as malaria, 
helminth infections, schistosomiasis, and venereal 
diseases, lack of medical care, and dietetic deficien- 
cies’. It is still so today, with a few more additions to 
the list. 

Collecting of vital statistics became compulsory in 
Lagos in 1863. More than a century later, however, 
important statistical data were rare, and the little 
information that existed was not properly used. For 
example, in 1952, Dr S L Adesuyi, a medical 
statistician, stressed the stupidity of providing hos- 
pital beds almost exclusively for adults (90% ) when 
children needed 40-50%. Moreover, the provision 
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of beds for women was only 20% when about half of 
the patients were women. 

Infant mortality for Lagos was stated to be 450 per 
1600 in 1900.' Fifty years later it fell to 86 per 1000 
ard in 1973 it was reported at 70 per 1000 and 44-7 
per 1000 by the United Nations Demographic Year 
Book and the Federal Office of Statistics (Lagos), 
respectively. Because of the tremendous growth of 
the medical services and the prosperity of the people 
there has been a steady decline in infant mortality in 
Lagos and perhaps throughout the Federation, 
however, the method of reporting and collecting 
deta is such that the vital statistics for the nation are 
st ll unreliable. 

Mere reliable data are available from surveys. 
Tae Rural Demographic Sample surveys carried out 
im 1965-6 give the country’s infant mortality as 178 
per 1000, that of Lagos as 143 per 1000, and that of 
the former Western region and the former Federal 
Territory as 79 per 1000. The surveys also reported a 
child mortality (0-5 years) of 322 for boys and 306 
few girls in rural Nigeria. Using age specific mor- 
tasity, 40% of 1000 children born at year 0 will have 
died by the age of 5, most of these deaths occurring 
im the first year. Data from our paediatric emerg- 
ercy room at Lagos University Teaching Hospital 
also indicated that infants (0—1 year) have the 
hmhest mortality among children admitted. 

With the opening of the first medical school in 
Ikadan in 1948, paediatrics arrived in the country in 
the early 1950s. Health problems began to be 
defined mainly as they presented in hospitals, and 
sclutions were found where it was possible. There 
were, however, few community studies. 

At that time, the ratio of doctors to population 
was stated as 1:40 000. The desirable ratio for a 
ecuntry in the African region according to the 
World Health Organisation was 1:10 000. Nigeria 
was determined to achieve that ratio as soon as 
pessible in the hope that health care would thus be 
available to all. It did so in 1980, by which time 13 
medical schools were functioning. The health of our 
children, however, has hardly improved. 





Neonates 


Tre high permatal mortality attests to the poor 
quality of our obstetric care-—-45-6 per 1000 in 
Lagos,” 60-7 per 1000 in Ibadan,’ and 52-3 per 1000 
in Ife.* These hospital data (except the data for 
Lagos, which are for the whole city) include the 
outcome of deliveries attended in the early stages by 
traditional midwives and brought to hospital when 
trey go wrong. In Lagos 38% of deliveries were 
assisted by traditional healers, or took place at 
home. 
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In 1981, in the rural areas of Bendel State, 
Akenzua found eight traditional midwives per 1000 
population.” Among other responses he received 
from these midwives, 56% did not think it was 
necessary to wash their hands and 36% the 
perineum before delivery, and 20% would manage 
cases such as transverse lie and prolapsed cord and 
92% breech deliveries on their own. They are often 
known to fail. Asked about the methods used to 
resuscitate a baby who fails to cry at birth, the 
answers varied from ‘sprinkle alligator pepper on 
baby’ (60%), to ‘plug the anus with finger and pour 
cold water on baby’ (8%), and ‘Nothing! Its God's 
wish’ (4%). All of them were willing, however, to be 
trained in modern ways of midwifery and practice to 
improve the quality of their service, and they are 
theretore a potential source of health manpower in 
the rural areas. 

In a provincial hospital in Ondo with no paediatric 
unit, intrapartum asphyxia due to prolonged 
labour was the commonest cause of the high 
perinatal mortality. Other causes were prematurity, 
twinning (164%), and congenital malformations. In 
the University College Hospital. Ibadan, the causes 
of high perinatal mortality were twinning (10% of all 
pregnancies and also an important cause of pre- 
maturity), malpresentation, toxaemia, and the 
tendency of women in Ibadan to have large 
families. The women admitted to the hospital in 
Obadan were highly selective, and that hospital also 
had an excellent paediatric unit. 

Eighty per cent of babies are delivered in an 
unhealthy environment by unskilled attendants. In 
hospitals or health centres they are discharged into 
the same contaminated environment within 48 
hours. [ll babies pour from the community into 
hospital wards where facilities are most inadequate. 
In Lagos in 1981, 35% of newborn babies admitted 
from the community were infected, 31-5% were 
preterm, and 19-5% jaundiced. Moreover, 1021 
jaundiced babies were treated as outpatients, 677 of 
whom received exchange transfusions. Similar ex- 
periences have been reported from Ibadan and 
other centres. 

Five conditions account for 76% of neonatal 
deaths in hospital—jaundice, infection, congenital 
malformations, tetanus, and low birth weight 
(ranging from 21-3% in the North" to 7-3% in 
Lagos,’ for babies born in hospital). Infections, 
including tetanus, are the major causes of death. 
Except for congenital malformations, all the 
conditions stem from factors in the environment, 

Neonatal jaundice is more severe in babies 
admitted from the community than in those born in 
the hospital, and glucose-6-phosphate dehydrogenase 
deficiency is the commonest cause among the 
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former group. In 1967-8, 52% of children registered 
in our neurological clinic had cerebral palsy due to 
neonatal jaundice. In Lagos| mothers of babies 
admitted for jaundice stated that they had used 
mentholated dusting powder on the umbilical cord. 
A controlled trial in infants deficient in glucose-6- 
phosphate dehydrogenase who had been born in 
hospital indicated that those who had had the 
powder applied to the umbilical cord developed 
jaundice more often and more severely.® 

In 1983 it was reported that herbalists were 
familiar with jaundice in the newborn and believed 
it to be transferred from the mother (and occasion- 
ally from the father) to the! fetus or caused by 
shortage of blood in the newborn, fever, mosquito 
bites, blood spilling into the jeyes of the baby at 
birth, bad water in the baby’s poy, and the mother 
eating bananas during pregnancy.” They would treat 
it by administering concoctions of herbal medicine 
or washing the baby with black soap. 


Older children l 


The emergency room, where only very ill children 
are admitted, is the busiest unit in academic 
paediatric departments. It is the point of entry from 
the community into the outpatient department and 
for 80% of admissions into the wards. It mirrors the 
health problems in the community and provides an 
indication that the community health support sys- 
tems have failed. 

Most conditions seen in Sic no room are 
preventable or easily cured if diagnosed and treated 
early. But these diseases are ip ‘interesting’ to the 
‘tertiary’ trained and situated physician until they 
occur in their worst form. The worst hit are children 
aged 2 years and below. These children constituted 
94% of all admissions to the emergency room in 
Ibadan in 1968 and a similar proportion of deaths in 
Lagos. The situation remains the same in 1984, 


| 
Gastroenteritis and malnutrition 


Nigeria is suffering the decline in breast feeding 
reported from various parts of the world. In Lagos 
in 1968 dietary bistories of patients with malnutri- 
tion indicated that bottle feeding was added to 
breast feeding by all mothers during the babies’ first 
month of life.!° In Ibadan in| 1973 a report to the 
United Kingdom Committee of the Freedom from 
Hunger Campaign showed that bottle feeding was 
started at less than 1 month of age by 52% of 
mothers, and 94% introduced bottle feeding by the 
age 2-3 months. In Lagos most mothers of mal- 
nourished children surveyed bottle fed their babies 
because they ‘took a fancy’ tolit. In Ibadan mothers 


said that it gave the baby ‘health and strength’, 
concepts popular in Nigerian culture and often used 
in food advertising.!! 

Many mothers also stated that breast milk was not 
sufficient. Early bottle feeding is known, however, 
to lead to a possible failure to empty the breast, 
resulting in a dampening of the ‘let down’ reflex and 
reduced breast milk output. The need for bottle 
feeding is thereby increased and ultimately super- 
venes. When, because of ignorance or poverty, 
dilute formula feeds are thereafter given to the 
baby, marasmus develops. 

Added to bottle feeding, the highly contaminated 
environment, poor personal hygiene, ignorance, 
and the dearth of a potable water supply also 
account for the high incidence of gastroenteritis. 

Oral rehydration therapy is gaining ground rap- 
idly and saving many lives. Its use was taught to 
mothers in our primary health care service in Lagos. 
After fours years a community survey indicated that 
61% of 247 registered mothers knew the correct 
formula but only 32% of these had used the solution 
during their child’s last episode of diarrhoea, which 
showed a reluctance of mothers to take responsi- 
bility for the care of a condition which, in their 
experience, could lead to death. At the same time, 
the dread of a depressed fontanelle is clearly shown 
by potions and pastes applied to it, but which is not 
associated with loss of fluid and the need to replace 
it. More efforts are needed at community level to’ 
promote the use of oral rehydration solution by 
mothers. 

Most children are weaned on maize gruel. This 
inappropriate feeding practice at the weaning 
period, whereby culture or ignorance dictates that 
predominantly carbohydrate diets are fed to the 
infant, is a major cause of diarrhoea and malnutri- 
tion. This is in spite of the fact that there are staple 
food items in the community suitable for weaning 
infants successfully. 

In Ilesha the mothers of malnourished children 
knew of the disease protein energy malnutrition, 
64% calling it ‘kosoko’ (no hope) or ‘orinla’ (big 
head).'* They believed that the child had ‘super- 
natural powers’ to die and be reborn. They also 
believed that the disease was communicable. None 
mentioned an inadequate diet as the cause.!” 

Children with malnutrition seen in hospital are 
the tip of the iceberg, with a large reservoir of 
potential cases ready to be struck down by measles, 
tuberculosis, whooping cough, and diarrhoea. It is 
necessary, therefore, to restore the mother’s confi- 
dence in breast feeding and instil into her relevant 
and effective weaning practices, otherwise our 
present knowledge about infant feeding will have 
been acquired in vain. 





Žž alaria/convulsions 


Ir. the clinics malaria presents as fever. It is the 
cammonest complaint, most frequent and severe in 
children aged between 9 and 24 months. By age 5 
years the clinical manifestations of malaria are less 
severe, and the child has acquired considerable 
irumunity. It is therefore rare for malaria to be the 
cause of death in this holoendemic area in older and 
school children, but the infection does give rise to a 
hgh prevalence of morbidity." 

This pattern, however, is changing due to the 
widespread use of antimalarial drugs. For example, 
ir, the rural clinic established by David Morley in 
Imesi-Ile, where the children were given pyrimetha- 
mine prophylaxis, parasite rates were lower in 
patients in the treated than in the untreated 
v lage." 

The most severe forms of malaria are seen in 
hospitals. One form presents with high fever and 
wolonged convulsions. It is also common in children 
azed between 9 months and 3 years. Thirty to 40% 
ef the children die within 72 hours of admission. 
Malaria parasites can be shown in the blood film of a 
third of the patients. The disease is dreaded by the 
parents, who believe that when the children clench 
their teeth death is imminent. To prevent this 
Cisaster, the child’s mouth is severely traumatised in 
tie attempt to keep it open. In one case, a father 
squeezed the buccal pad of fat into the child’s mouth 
ty exerting pressure on both sides of the cheek. 
Shock treatment is also applied, such as burning of 
tne feet or buttocks or rubbing pepper into the eyes. 

A mixture containing mainly cow's urine, tobacco 
leaves, and various herbs, shown to cause hypogly- 
caemia in rabbits," is given to many. This poison is 
@ major contributor in about 60% of the deaths due 
t this condition. 

We surveyed mothers in the community regarding 
the use of cow's urine mixture; 27% gave it to their 
children regularly once, twice, or more daily, on its 
own or mixed with herbs or other medicines, and, in 
most cases, the child always improved. The mixture 
is given routinely to prevent convulsion, and so 
when the child convulses, a large amount is poured 
down his throat. This is the community’s perception 
ef a drug now known to be poisonous. Its use is 
considerably reduced in the urban areas but con- 
nues in the villages. 

An ideal regimen for malaria would be one by 
which the child could be partially protected so that 
ke did not develop a severe attack of malaria and at 
the same time would still be capable of manufactur- 
mg antibodies against the parasite. One such regi- 
men was described by Morley in 1971 in which 
pyrimethamine was given monthly and chloroquine 
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administered for any episode of fever.'° With this 
regimen, the number of febrile convulsions in the 
children in the community was considerably re- 
duced, presumably due to the prevention of those 
caused by malaria. At the same time, the children 
were given an opportunity of developing immunity 
to malaria. 


Measles 


Of all the infectious diseases amenable to preven- 
tion through immunisation, measles is the most 
devastating. A high level of coverage with its 
vaccine is difficult to achieve because of expense and 
fragility. Although measles immunisation is recom- 
mended at the age of 9 months, in Lagos, for 
example, it is estimated that 30% or more of 
measles cases occur before that age, and vaccination 
at 6 months has often been ineffective. The tact that 
the child develops measles after immunisation 
erodes the mother’s confidence in the vaccine and 
brings it into disrepute. In the Cameroons, workers 
from the Center for Diseases Control, Atlanta, 
Georgia, have documented a drop in the incidence 
of measles in the 0-8 months age group from 88-2 
per 1000 to 31-8 per 1000, with a vaccination 
coverage of 40% in 9 month old infants. '” They also 
expect that higher rates of coverage in the 9—23 year 
age group will further reduce its incidence in the 
under 9 month age group. 

From the evidence available in Nigeria, the 
performance of our Expanded Immunisation Prog- 
ramme since 1976 has been dismal. Evaluation in 
the Oranmiyan Local Government Area of Oyo 
State found very low levels of immunisation cover- 
age for diphtheria, pertussis, and tetanus, polio 
vaccine, and measles vaccine between 1977 and 
1981.1 The reasons for the poor performance were 
identified as: 

(a) inadequate community participation in the 
planning and implementation of the pro- 
gramme; 

(b) poor communication between different gov- 
ernment representatives; and 

(c) inadequate publicity. 

Moreover, vehicles were grounded for most of the 
year and frequent power failure caused wastage of 
large quantities of vaccines, which cast doubt on the 
potency of those administered to the children. 

In 1984 it was reported that no child in Tafawa 
Balewa Local Government Area, Bauchi State, and 
only 9% in Owo Local Government Area, Ondo 
State, were fully vaccinated after three years of the 
programme. Irregularities in financing of the State 
and Federal Health Ministries led to erratic pur- 
chase and distribution of vaccines. A lack of 
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planning to involve the grassroot implementers and 
inadequate training and poor supervision were also 
found. None of the refrigerators at the local gov- 
ernment office and the two health clinics visited 
were functioning because of power failure, nor was 
the stand by generator working. Considerable 
amounts of vaccines were spoilt due to neglect in 
monitoring vaccine storage temperature and 
potency. More than 94% of mothers did not know 
why their children were being immunised and at 
what age they should be immunised. 

In spite of these gross deficiencies, the imple- 
mentation of this programme was revised in Owo 
with the aid of UNICEF in 1983 and has resulted in 
a 38% coverage of children aged 1-2 years with 
target immunisation in the first month of the 
reactivated programme and 58% by the fourth, 
indicating that with commitment, efficient organisa- 
tion, and management the immunisation state of our 
children can be considerably improved. 

Running through this discussion is a well known 
theme——that children in developing countries are so 
ill and die in such large numbers because of the 
inimical environment in which they live. The 
human, socioeconomic, cultural, and environmental 
elements of the society, therefore, need to be 
transformed. Most of our people still believe in and 
utilise traditional medicine born out of superstition, 
spiritualism, and the worship of ancestors ingrained 
in us during our evolution over centuries. Many of 
us who have acquired the skills of modern scientific 
medicine were catapulted from a traditional past to 
this new era, perhaps in a generation. Just as when a 
pagan becomes a Christian, we tend to turn our 
backs on the past, enshrined in the community, and 
look to the future—the life and medicine of the 
developed world—forgetting that even that had a 
traditional past and developed through a process of 
research and application of its results. We have to go 
back to where our people are and evolve with them. 

Most of our doctors, and particularly paediatri- 
cians, work in the pinnacle of the health care 
delivery system—the teaching hospitals-——perpetually 
reaping the morbid harvest of the contaminated 
community. We do not possess the skills to work 
with and transform the community to stem the tide 
of ill children. 

Asuquo Antia, one of our distinguished paediatri- 
clans, once sounded ‘a note of caution to all those 
concerned with child health in the Tropics that all 
change is not progress and that increased sophistica- 
tion does not necessarily mean advancement.’!” But 
the question to be asked is, ‘What change do we 
need to ensure progress?’ 

David Morley in the early [950s worked in 
Nigeria and was the first to see the need for 


innovations in the delivery of child health services. 
Because of the shortage of doctors at that time he 
transferred most of the responsibilities for treating 
the early stages of the common diseases to nurses. 
Since then, we have learned that even lesser trained 
health personnel, down to the level of the village 
health worker, can be successfully trained to assume 
some of these responsibilities. 

Morley integrated preventive and curative ser- 
vices; introduced the home based record system; the 
‘road to health’ chart; simple diagnostic tools such as 
the arm circumference strips; and therapeutic skills 
such as the use of salt, sugar, and water solution to 
prevent dehydration. Although he showed a reduc- 
tion in mortality and morbidity in the treated 


, Villages using limited resources, the system rapidly 


deteriorated after his departure because there was 
no government and community participation.'* Of 
the two, the latter is the key to effective health 
services. Community participation means that the 
citizens control the process of transformation 
whereby they mobilise and act to improve the 
quality of their lives. In this process existing social 
structures or those created for the purpose, such as 
village health or development committees, must be 
the medium. Appropriate health technology must, 
as much as possible, be transferred to and used by 
the members of the community. On the other hand, 
local technologies found to be effective should be 
encouraged—for example, the Hausa cut the umbi- 
lical cord with a red hot knife. For this reason, 
tetanus is relatively uncommon in their newborns. 
At all times the aim is to develop the spirit of self 
reliance within the community and incorporate 
patterns of scientific health care into the traditional 
system. Properly motivated, the community will 
take action in its own interests towards achieving 
better health. 

Mothers are our best ally in this enterprise. It is 
the uneducated woman (and they are in the vast 
majority) who bears the largest number of children 
and loses the most, who fails to understand simple 
concepts such as the meaning of the growth chart, 
and who performs worst of all in bringing her child 
for immunisation even when the services are made 
available, affordable, and accessible and are effi- 
ciently run. She is subjected to enormous social and 
cultural constraints that prevent her from utilising 
the services effectively and is also subjected to 
conflicting advice from ancient and modern health 
systems regarding the care of her child. In any case, 
the father’s role in these health decisions is often 
dominant. Moreover, the mother is striving to 
function in a modern economy with inadequate, 
inappropriate, or no educational preparation. 

It is difficult to convince mothers of the need and 


efMicacy of preventive measures, hence elaborate 
‘o.rreach’ or community based systems must be set 
ur to induce her to use the services. For example, an 
in-ant’s first visit to a health facility is usually for an 
episode of illness, often occurring past the age of 6 
maths when the first phase of immunisation should 
heve been completed, and at a time when the child is 
most vulnerable to preventable infectious diseases. 

Ehere is evidence indicating that when adequate 
spacing or a reduced number of children per family 
is achieved their health improves. For example, as 
the size of the family increases so the chances of 
mainutrition,“” low birthweight babies, gastroenter- 
itis. respiratory infections, and a lowering of intelli- 
gence quotients also increase. Arguably, if parents 
perceive that their children will survive due to 
eficient child care services they will take steps to 
reduce the size of their families. Evidence in support 
of this hypothesis comes from Imesi-[le, where it 
was found that the desire for additional births was 
less in the village with an efficient clinic for the 
ur der Ss than in one without.” 

Ia Ebenbo village in Cross River State it was 
cemtcluded that the women compensate by having 
accitional children almost exactly equal in number 
to the number of deaths they have had, and that if 
chald mortality can be reduced, there might well be a 
cewresponding decline in completed family size.“ 
The smallest families are those of the highest social 
class, and they also have the lowest infant and child 
mortality. 

The challenge is to establish a health care system 
tha: will touch the lives of every member of the 
cemmmunity, especially children, who are the most 
vulnerable, and that will tackle those conditions 
causing the highest mortality and morbidity. The 
system must be organised from the grassroots. 
iegrating preventive, promotive, and curative 
se-wices; using the type of technology that the 
members of the community will accept, at a level 
they can utilise, maintain, and afford, and with an 
eficient and effective system of supervision and 
re-erral. 

Æ first step is to study the principles underlying 
the implementation of such a system in a traditional 
se ‘ting. Without this we cannot reasonably expect to 
sudplant a traditional health system that the people 
have learnt to trust, that is serving them well, and 
whose language is understood and verdict accepted. 
Traditional medicine demands compliance through 
degma, communal pressure, and faith; scientific 
meeicine demands reasons and proof, attributes 
acyaired through modern education. 

National programmes require political will and 
social and economic reforms. But, while waiting for 
these, the health technology should be put in place. 
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This should be the function of the universities at this 
time. Of all the tasks (preventive, promotive, and 
curative) necessary to improve the health of the 
population, only curative ones are predominantly 
emphasised and taught in medical schools. 

Doctors are acknowledged leaders in the health 
care systems, and their opinions are sought and 
respected by governments. To be effective as an 
advocate for relevant services of the kind described 
above, our doctors should be trained to head a 
primary health care system and also to function as a 
house officer in a hospital on qualification. To 
accomplish this type of training, our medical schools 
should have a model primary health care practice 
area in which to teach community care to a standard 
of excellence, just as a teaching hospital is required 
to teach individual care. Fortunately, this need is 
being recognised and accepted, and medical cur- 
ricula are being revised to train doctors with the 
relevant knowledge, attitude, and skills to tackle our 
health problems in our own setting. 

The slogan is “Health for all by the year 2000°. 
There never has been health for all, and never will 
be, but we can make health care available and 
accessible to all by the year 2000. 
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Personal practice 


L S TAITZ AND J KING 
Children’s Hospital, Sheffield 


In the light of recent fatalities and other unfortunate 
episodes where proper attention to medical evi- 
d2nce might have averted disaster, it is a timely 
moment to evaluate the sort of evidence paediatn- 
csans should present in child abuse cases and how to 
d> so in such a way that it cannot be ignored, 
overlooked, or discounted. To make a maximum 
impact at case conferences and in court, it is 
essential that paediatricians are clear about three 
major issues: 
(1) The nature of medical evidence in child 
abuse; 
(2) The rules governing evidence presented in 
care proceedings; 
(3) The central role of the paediatrician in repre- 
senting the interest of the child above all else. 
Child abuse is defined as the avoidable impair- 
ment of any aspect of development as well as 
physical well being. The areas in which the 
paediatrician has special expertise include physical 
injury; nutritional status; growth; and intellectual 
end psychological development. This expertise lies 
cutside the sphere of social workers but is sup- 
plemented by the opinions of child psychiatrists, 
psychologists, and speech therapists. It is the 
paediatrician, however, who has the general respon- 
sibility for collating this evidence, which should have 
euthority that can be challenged only by another 
expert, that is, another paediatrician. Thus, any 
abused child who comes under the care of a 
paediatrician should be assessed in all the areas 
isted so that the medical evidence can be built up. 
The complete picture, that is evidence of deficien- 
cies in more than one of the parameters, is far more 
important than any one feature. While it is not 
>ossible, for example, to say that a child with speech 
delay miust be neglected, if the speech delay is 
associated with physical injury or unexplained 
zrowth failure, it is reasonable to conclude that it is 
likely’ that home circumstances are responsible for 
>oth deficiencies. The more deficiencies there are, 
zhe more likely the conclusion. The witness should 
not be deterred from maintaining such an opinion 
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Medical evidence in child abuse 


even if it is put to him or her that the finding could 
have some other explanation. Any doubts should be 
resolved in favour of ensuring that further abuse is 
prevented. 

It is clear from previous studies that children 
living in abusing homes have, at best, an uncertain 
outlook, irrespective of the support offered to 
families,’ * with a considerable risk of death, serious 
illness or injury, education failure, emotional dis- 
turbance, and the likelihood of being taken into care 
in later childhood because of delinquency. Fear that 
medical evidence will lead to the break up of a 
family is not justified by the poor outlook for these 
families. 

Growth failure is an important feature of child 
abuse.’ * Continued poor growth is associated with 
poor intellectual performance.’ © We have found 
that children who have failed to grow adequately in 
abusing families show poorer catch up growth if 
allowed to remain in those families’ and that this 
poor growth is associated with evidence of more 
than one feature of child abuse. There is, therefore, 
a prima facie case for removal of these children into 
foster homes. 

This case has been seriously weakened in the past 
by confusion over the outcome for children in care. 
They were often removed from their own parents 
late in childhood or subjected to repeated changes in 
rearing with the child being switched among chil- 
dren’s homes, natural parents, and foster homes. 
The problem has been recently compounded _by the 
influence of the ‘parents’ rights’ lobby who have, by 
various means, made it increasingly difficult for 
children to be placed in long term care with a view to 
adoption. Little wonder that some have been led to 
conclude that natural homes are preferable to that. 
Yet early removal to permanent foster homes tells a 
very different story. At all events, paediatricians 
should not be tempted to ‘soft pedal’ their evidence 
or views because of such considerations. 

Since the only objective evidence that the child is 
being abused comes from the medical evidence, it 
should be central to any decision making. It will, 
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strength of the case and understands how to present 
the information to the court. It is evident that for 
‘those children with more than one feature of abuse, 

the long term outlook is relatively poor, particularly 
when one of the features is) growth failure and 
especially when catch up growth can be shown in 
hospital or in a foster home. In these cases, the 
paediatrician is entitled to conclude that on balance 
speech delay, or poor growth, or behaviour disturb- 
ance is due to inadequate rearing and that the long 
term consequences for the child if it continues to be 
reared in the same way are likely to be unfortunate. 

This brings us to, the crucial question of the nature 
of the evidence presented in court. In the first 
instance, the rules of evidence {are those of the civil 
law. The paediatrician does not have to show 
beyond reasonable doubt that speech delay is due to 
neglect (a virtually impossible|task) but merely on 
the balance of probability that this is so. Thus, a 
.child who has failed to grow and shows speech delay 
in the absence of other causes can be said to be 
having its development avoidably impaired. 

It is also important to recognise that some of the 
medical evidence is material, that is that the child 
has failed to grow, or. is not talking, or has bruises 
‘etc; but that some of it is |expert, that is the 
interpretation of the bruises, the relation between 
poor speech and growth failur i, and the likely long 
term consequences if this is allowed to continue. It is 
vital that the consultant paediatrician should appear 
as a witness in cases of such complexity, and not a 
junior member of the consultant’s staff. Only a 
person of some seniority can have the authority to 
express opinions of this kind directly to the judge or 
magistrate over the heads of solicitors or council. It 
is important to know that thisi is possible and that 
one is not restricted merely to |answering questions 
during cross examination. 

The paediatrician has two tasks, to present the 


however, only be so if the “and is clear of the 


evidence of abuse and then to express an opinion as 
to what would be required to prevent that abuse 
recurring. In cases where more than one form of 
abuse is evident, it is perfectly proper-to state that 
medical evidence shows that on balance of prob- 
ability home circumstances, whatever they are, are 
unsuitable for child rearing and that unless they can 
be substantially altered it would be unwise for the 
child to return home. This avoids the risk of being 
accused of hearsay evidence. If challenged, the 
response would be that poor home circumstances 
could be inferred from the condition of the child and 
was not based on hearsay. It can also be said with 
some confidence that current policy for the early 
return of seriously abused children under care or 
supervision orders while case work is carried out 
seems to have little basis in terms of results to 
support it, and this can be stated as an opinion if 
asked whether a case order or supervision order 
should be made. At the very least, paediatricians 
should insist on regular follow up for anthro- 
pometry, developmental testing, and speech delay, 
with appropriate action if the findings warrant them. 
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Immunoprophylaxis of infants born to 
hepatitis B virus exposed mothers 


Sir, 
We hope that the paper by Ewing and Davidson! on a fatal 
and fulminant hepatitis B virus infection in a 10 week baby 
bo-n to white parents, with hepatitis B surface antigen 
(HBsAg) negative father and HBsAg positive, hepatitis Be 
arigen (HBeAg) negative. HBe antibody positive mother, 
sheuld nullify the concept that HBe antibody positivity ina 
pregnant mother reduces the apparent risk of perinatal 
hesatitis B virus transmission. Apart from the present 
case, there have been at least three similar instances of 
hevatitis B virus infection in babies of anti- HBe positive 
mothers. The mother, in the present case. should have 
be ter been tested for hepatitis B virus DNA because this 
has emerged as a more reliable index of viral replication 
then HBeAg, DNA polymerase activity, or aminotrans- 
femse activity The baby blood, like the maternal 
sample,’ should have been tested. for the satisfaction of 
purists, for IgM antibody to hepatitis B virus core antigen. 
‘mmunoprophylaxis of infants should not only be 
coafined to offsprings of HBsAg positive mothers but 
ex:ended to infants born to those who are in the ‘window 
phase’ with antibody to core antigen but without HBsAg 
ancl antibody to HBsAg. That alone can ensure that fatal 
ard fulminant episodes of hepatitis B virus in the infants 
bern to any low level carriers? among those in ‘window 
phase’ should stand prevented. Studies with high affinity 
monoclonal antibody for HBsAg" should categorise such 
pregnant women along with HBsAg/HBeAg/hepatitis B 
virus DNA positive females as potential dangers for 
perinatal hepatitis B virus transmission. 


S C Arya, § J ASHRAF, AND C M PARANDE 
King Fahad Central Hospital and 

Gizan General Hospital, 

Gizan, 

Saudia Arabia 


D-s Ewing and Davidson comment: 


It as well recognised that there is a high risk of transmission 
of hepatitis B virus to the infant at birth when the mother is 
beth HBsAg and HBeAg positive, while babies born to 
HBsAg carrier mothers who have detectable HBe anti- 
bedy are at low risk of acquiring hepatitis B virus infection. 
Taus it was reported” from two West London hospitals that 
nise of 10 (90%) infants born to HBeAg positive mothers 
acquired HBsAg compared with three of 38 (8%) of those 
bern to HBe antibody positive mothers. We cannot agree, 
therefore, with Arya et al that the concept that HBe 
pwsitivity reduces the risk of perinatal transmission should 
be nullified. We agree, however. that there is a case for 


giving immunoprophylaxis, including passive immunisa- 
tion with hepatitis B immunoglobulin and active immunisa- 
tion with hepatitis B vaccine, to all babies whose mothers 
are HBsAg positive, irrespective of their HBeAg or 
HBeAb state. It must be noted, however, that supplies of 
hepatitis B immunoglobulin are limited” and for that 
reason it may be necessary to give priority to infants of 
HBeAg positive mothers. 

We accept that of the current tests for hepatitis B 
infection, that for hepatitis B virus DNA is probably the 
most reliable index of viral replication. When this child was 
investigated, however, tests for hepatitis B virus DNA 
were not available to us and are still not used routinely in 
most centres, Since our report was published a stored 
sample of serum from the mother has been examined by 
Professor A J Zuckerman and Dr T J Harrison at the 
London School of Hygiene and Tropical Medicine, who 
have reported that hepatitis B virus DNA is present but 
just at the limit of detectability. 

Arya ef al suggest that the infants blood should have 
been tested for [gM antibody to hepatitis B virus core 
antigen, ‘for the satisfaction of purists’. We cannot 
understand this comment because such a test would be 
used to determine whether HBsAg detected in the blood 
was the result of recent infection or long term carriage and 
would clearly not be relevant in a 2 month old infant. 
Moreover, Chen et al’ were not able to detect IgM core 
antibody until 9 months of age in any of 86 infants, 31 of 
whom developed HBsAg, born to HBsAg carrier mothers. 

Arya et al refer to the theoretical possibility that HBsAg 
negative, core antibody positive mothers may transmit 
hepatitis B virus infection to their offspring. We are not 
aware of any evidence that this happens in practice and 
until there is such evidence we cannot agree that immuno- 
prophylaxis is necessary for these infants. 
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Measurement of urinary constituents 
and output using disposable napkins 


Sir, 

Drs Roberts and Lucas’ have produced an excellent and 
carefully conducted study that should give more confi- 
dence to those performing metabolic studies on babies. I 
would issue a note of caution, however, to any considering 
using this method in the premature newborn. 

Low birthweight neonates often have irregular, infre- 
quent, and incomplete bladder emptying and may pass 
only 0-5 or 1 ml at a time. Urine volume measurements 
based on weighing cotton wool balls or even nappies will 
be imprecise, more so because in our experience there is 
considerable evaporation, even inside an enclosed, humi- 
dified incubator. Furthermore, for the same reason, the 
urine samples from successive micturitions cannot be 
pooled, so that measurement of excretion of urine consti- 
tuents over a period long enoughito avoid inaccuracy due 
to incomplete bladder emptying will depend on multiple 
estimations on several samples,| making the procedure 
cumbersome. 


B H WILKINS 
Southmead Hospital, 

| Bristol, 
= England 
| 
| 
| 


Drs Roberts and Lucas commen nt: 


Dr Wilkins is mistaken in his suggestion that our new 
method for measuring urine output in infants’ is not 
suitable for use in low birthweight infants. The problems 
he describes, infrequent and inco aplete bladder emptying, 
apply equally to the traditional method of using a urine bag 
_ and, in any case, are irrelevant to methodological precision 

as the method is designed to measure urine output not 
urine synthesis. A separate consideration i is the precision 
of the balance used to weigh the napkins—it should, of 
course, be related to the amount of urine being measured 
(a sample of 0-5-1-0 g requires a precision of at least 
+0-01 g). Dr Wilkins also suggests that error may be 
incurred by the urine.evaporating from the napkins. Part of 
our study, however, was designed to measure the rate of 
evaporation, and the value obtained was reported (less 
than 0-4% per hour in a close fitting napkin). We suggest 
that any problem he has experienced with evaporation may 
well be due to a lack of care in positioning the napkins. His 
final point, that the method is cumbersome, is also 
incorrect; weighing napkins and pooling samples for 
laboratory analysis are extremely simple procedures com- 
pared with aye to keep a urine bag on an infant (boy or 
girl). 

| 
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.. And children first? 

Sir, 

I am the convenor of the British Paediatric Association/ 
British Association of Paediatric Surgeons Accident Com- 
mittee. I can assure Dr Choonara' that we are working 
actively both as a committee and in close association with 
the Child Accident Prevention Trust (CAPT) to save 
children’s lives and to improve the quality of their lives by 
reducing accidents to children. 

The CAPT has set up a working party of which I am a 
member to look at what can be done to improve the safety 
of children in cars and to make recommendations about 
how these can best be implemented. 

Examples of topics with which the Accident Committee 
is currently involved are to press for the safer packaging of 
drugs to reduce the dangers to young children and to 
discuss with the toy manufacturers. the possibility of 
making small plastic toys radio-opaque so that in the event 
of their being inhaled or swallowed they are easier to 
identify and remove. There are many others. 

The previous convenor of the Accident Committee, Dr 
Hugh Jackson, is the medical advisor of the CAPT and has 
been responsible for many valuable papers and seminars 
about hazards to children and has done a great deal to 
promote interest and involvement of other professionals— 
for example, architects, town planners, etc. 

We would like more paediatricians to be interested in 
this subject. 
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Injections and Asian children 

Sir, 

Asian children, particularly between the ages of 1 and 5 
years, tend to be more difficult to examine than an English 
child of similar age. In most Asian homes a child is often 
threatened with being taken to the doctor and given an 
injection if he does not behave. 

In the outpatient situation those of us who understand 
the Asian language often hear mum say that ‘he is not 
going to give you an injection’. At this the child, who may 
have been quite cooperative up to that point,. bursts out 
crying and becomes difficult to examine at the very 
mention of the word ‘injection’. This, I feel, is one of the 
reasons why many Asian parents fail to keep their child’s 
appointment. To make our task and that of the general 
practitioner easier, community doctors and health visitors 
should positively discourage this habit of threatening the 
child at home. 

A RASHID GaTRAD 
Birmingham University, 
Birmingham, 

England 
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iealth Se-vices in Schools—a New Look. 
$y Kingsey Whitmore. Pp 143: £4-95 
aperback. Spastic International Medical 
‘ublicatiois/Blackwell Scientific Publica- 
ions Ltd, 1985. 


‘his book grew out of a series of papers 
repared oy Dr Whitmore for the execu- 
ive of tte now defunct Association of 
clinical Medical Officers (Si monumentum 
equiris. .°). After a brief historical in- 
roductior it presents a comprehensive 
locumentation of the work of the school 
wealth service and discusses the influence 
if social disadvantage, ethnic origin, and 
ther relevant factors. A review of present 
irganisation and methods then leads to a 
ritique oF the service and to proposals for 
he reform ef clinical strategies and of 
taffing ard structure. 

It would be difficult to overpraise this 
inpretent-ous book. The malaise cf the 
chool health service has been debated, 
nd deplored, by a profusion of wise 
yhysicians; bat Whitmore’s mastery of the 
nany complex issues, his clarity of exposi- 
ion, and àis robust common sense raise his 
nonograph te the status of a minor classic. 
t has relevance both for individual profes- 
ionals, whether doctors or nurses, con- 
erned to improve the quality of their own 
contribution, and for those in administra- 
ive or ménagerial capacities who have the 
\uthority and the will to regenerate the 
lervice as a Whole. Many others, including 
eachers, GPs, and (perhaps especially) 
ospital based paediatricians, will read the 
00k with equal profit and in the convic- 
ion, if this reviewer's experience is any 
ride, that Whitmore has established an 
rrefutable case for the full rehabilitation of 
he schoo health service. His argument ts 
Huminated throughout by an insistence on 
he twin principles of genuine team work 
yetween cll the relevant disciplines and of 
aitien of the full professionalism 
ind clinical autonomy of the school doctor 
ind his or her nursing colleague, hopefully 
eleased fom the administrative trrelevan- 
‘ies that Lave shackled them for so long. 

Blemishes are few and trivial. The sec- 
jon on pesitive discrimination ts somewhat 
lib and superficial, and that on pro- 
essional cooperation flows less limpidly 
han the rest. Far more importantly, how 
ypportune that this book should appear 
ust wher health authorities are making 





crucial decisions about the organisation 
and thrust of their clinical services! If it 
commands the widespread attention that 
its low price, readability, and importance 
so richly deserve the outcome could well be 
that long awaited new sense of hope and 
purpose for our educational health services. 


H MCC GILES 


Current therapy in allergy, immunology 
and rheumatology 85—86. By Lichtenstein, 
Fauci. Pp 272: £44-00 hardback. Blackwell 
Scientific, 1985. 


This multi-author book from North 
America is the second edition to update 
information on the treatment of the diseases 
in question. In this volume there are 72 
chapters, and of these only five are directly 
related to paediatrics—that is, asthma, 
food sensitivity, insect sting allergy, auto- 
immune thrombocytopenic purpura, and 
juvenile rheumatoid arthritis. As in any 
multi-author book the quality of the con- 
tributions is uneven. Also more than 
adequate attention is paid to the clinical 
details of each diagnosis, thus curtailing the 
space for the therapeutic advice. In gen- 
eral, there are no rigid guidelines for 
treatment of the diseases discussed in this 
book. The chapters on immunology are 
excellent and explain the therapeutic 
approach to immunological disorders in 
detail. It is a pity that the chapter on 
juvenile rheumatoid arthritis does not give 
a detailed account of the non-steroidal, 
anti-inflammatory drugs being the first line 
antirheumatic drug therapy. There are 
noticeable gaps. For example, there is no 
mention of Kawasaki's disease, monoar- 
thritis, and psoriatic arthritis. 

All in all this book provides a usefui 
source of reference for those clinicians 
especially interested in rheumatology. 
allergy, or immunology. 


K M GOEL 


Child Health—a Textbook for the D.C.H. 
Edited by D Harvey, I Kovar. Pp 374: 
£2200 hardback. Churchill Livingstone. 
1985. 


This book is directed towards doctors 
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preparing for the DCH examinations, and, 
in its 30 chapters by various authors, sets 
the child health scene and covers early 
child development, preventive care, and 
the identification and treatment of the 
more common childhood problems likely 
to be met in primary care. In addition, 
appropriate information is given about 
investigation, treatment, and management 
at secondary care level, to enable the 
primary care doctor to advise, counsel, and 
support the family as necessary. There is 
also a chapter on tropical child health, 
emphasising the fact that three in four of 
the world’s children are thus distributed. 
Finally, there are useful chapters on 
emergency procedures, prescribing, and, 
returning to the primary aim of the book, 
advice relating to examination technicue 
and helpful examples of multiple choice 
questions. 

The book, therefore, while appealing 
mainly to DCH candidates, will also be 
useful to those doctors offering a compre- 
hensive child health service at primary care 
level. 

The chapter on accidents and child abuse 
is timely and informative. It provides the 
reader with the opportunity of sharing the 
understanding of this complex subject with 
its experienced author (Dr Cooper), who 
also gives a valuable update on adoption 
procedures. Reference to sexual abuse is 
concise and acknowledges its growing Im- 
portance. A more detailed account of the 
practical aspects of the procedures used in 
development screening would be welcome. 
For example, references to the testing of 
hearing are brief. and an examination 
candidate will need to turn elsewhere for 
information about these aspects. 

While applauding the emphasis given in 
the book to the desirability of moving 
prevention into general practice. little is 
made of the need to ensure total child 
population cover or the need to collect data 
on a similar population basis to plan and 
monitor services appropriately. The school 
health service is referred to briefly, but 
educational medicine as such is not clearly 
defined, and information about special 
schooling is inaccurate. 

These points aside, however, the book is 
attractively set out and provides candidates 
with a useful base from which to prepare 
for the DCH examinations. 

MARION MILES 
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Training for paediatrics with a special interest in 


respiratory disease 


The Joint Committee on Higher Medical Training 
(JCHMT) has recently issued its first training 
programme for paediatricians wishing to practise 
with a special interest in respiratory disease. This 
training programme is set ‘out in the standard 
JCHMT format and begins with the general 
observation that trainees who intend to take a 
special interest in respiratory disease will have to 
obtain sufficient training in general paediatrics to 
become accredited and must also have a total of not 
less than two years’ experience in respiratory 
disease. 

General professional training should occupy the 
usual three years after full registration, within which 
the trainee should hold a resident post of at least six 
months’ duration with duties, largely in the care of 
the newborn. A six month appointment in a unit 
providing respiratory intensive care is also desirable 
during general professional training. 

In the course of higher specialist training, which 
should cover a period of not less than four years, the 
trainee must obtain the obligatory experience de- 
tailed in the training programme for general 
paediatrics and should also acquire experience in 


those areas which are of importance in the manage- . 


ment of respiratory disease. These include intensive 
care, respiratory function testing, respiratory aller- 
gies, and the community care of children with 


respiratory problems. 
| 
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Within higher specialist training a continuous 
period of one year, or interrupted periods totalling 
one and a half years, should be devoted to the care 
of children with respiratory disease, under the 
supervision of a consultant with a major interest in 
the field. This special experience should include 
participation in related research, with the analysis 
and presentation of data, and some practice in the 
administration of respiratory services is desirable. In 
view of the many respiratory problems that arise in 
the management of neonates, up to 50% of the 
obligatory experience in paediatric respiratory dis- 
ease may be obtained in a regional neonatal 
intensive care unit. 

Experience that is recommended rather than 
obligatory includes immunology and infectious dis- 
ease, adult chest disease, adult intensive care, and 
paediatric cardiology. Additional training and ex- 
perience in basic science disciplines would also be 
acceptable to the JCHMT provided it was relevant 
to paediatric respiratory disease and was approp- 
riately supervised. 

In line with the current view that training pro- 
grammes should be flexible the JCHMT recognises 
that some trainees may become accredited by a 
different route from the one outlined. 


A D M JACKSON 
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Perinatal Anesthesia 
Volume 1: Edited by J.W. Scanlon 
1985. 352 pages, 22 illustrations. £32.50 


This volume provides a discussion, along the 
biological continuum of perinatal medicine, of 
the interactions between anaesthetic agents and 
the many conditions of pregnancy or neonatal 
life which require anaesthesia or anaesthetic 
drugs. Recent significant advances in several 
areas and new controversies in others are 
discussed. The contributors are all active 
researchers in their field, and cover topics 
ranging from the theoretical to the practical. 
Recently advanced concepts are explored, such 
as behavioural teratology, the beta encorphins 
and obstetrical intravenous fluids as fetally active 
drugs, and previously reviewed topics, such as 
the impact of obstetrical anaesthesia on newborn 
neurobehaviour and anaesthesia for the newly 
born, are given new insights. 


Contents: The toxicokinetics of anesthetics and 
analgesics during labor and delivery A. R. Scialit & 

5. Fabro, Psychoteratology: behavioral effects of drugs 
administered during pregnancy A. R. Hollenbeck & 
R. Smith; Anesthesia during pregnancy: interact:on 
with maternal disease W. D. R. Writer: Anesthesia for 
surgery during pregnancy K W. Knapp: Maternal 
obstetric medication and newborn behavior 

Carol M. Sepkoski; Regional anesthesia for labor and 
delivery A. B, Freeman & C. W. Ostheimer; 
Maternalfetal fluid, electrolyte, and glucose 
homeostasis L. Grylack; Anesthesia for the neonate 

A. A. Jeon; Anesthesia for high-risk pregnancy 

Diane R. Biehl; Endorphins Therese K. Abboud 
Anesthesia for diabetics, labor, and delivery $. Datta. 


Perinatal Brain Damage 


Volume 3: Edited by Karen Pape and 
J. Wigglesworth 


in preparation. 250 pages, illustrated. 
About £30.00 


The expert contributors to this volume provide a 
practical discussion of the causes and treatment 
of perinatal brain damage. 


Contents: Current problems in brain pathology 

i, Wiggiesworth; CT —- the state of the art C. Fitz; 
Ultrasound — the state of the art D. Martin; Birth asphyxia 
on scientific studies J. Hellmann; Birth asphyxia —- clinical 
problems C. Goldstein; Intraventricular hemorrhage Janette 
Goddard-Finegold; Cerebral blood flow management 

P. Rolfe & Kathleen Costeloe; Prevention and treatment of 
GLHAVH Æ. Cooke; Diagnosis and management of 
hydrocephalus H. Hoffman; Follow-up of neonatal brain 
injured children Karen Pape; Plasticity of the pre-term brain 
} Wigglesworth. 


Retinopathy of Prematurity: 
Current Controversies 


Volume 2: Edited by W.A. Silverman 
and J.T. Flynn 


1986. 352 pages, 117 illustrations. 
About £32.50 


In this collaborative volume, paediatricians and 
ophthalmologists present the state of current 
knowledge about the retinopathy that effects 
premature infants. Each of the contributing 
authors was encouraged to develop his or her 
arguments without regard for a need to establish 
a consensus, the intent being to highlight areas 
of disagreement and uncertainty. Thus, while 
there are many areas of overlap in the chapters, 
the interpretations of the same evidence are not 
necessarily congruent. Current debates about 
the contributory roles of supplemental oxygen, 
light, blood transfusions, hypoxemia, 
hypercapnea, and the confused status of new 
treatments (including surgical interventions), as 
weil as the familiar prophylaxis with vitamin E are 
all covered in this thought-provoking volume. 


Contents: Overview: a ‘developmental’ retinopathy 
reconsidered W. A. Silverman & | T. Flynn; An 
international classification of retinopathy of prematurity 
iT. Flynn, The pathology of retinopathy of prematurity 

A. Garner; Animal models of retinopathy of prematurity 
G.A., Cole; Perinatal retinal vascular physiology 

R. W. Flower; initiating events in the development of 
retinopathy of prematurity F. L. Kretzer & Helen M. Hittner: 
Monitoring and controlling neonatal oxygen therapy 

j}. D. Horbar; Vitamin E and retinopathy of prematurity 
Dale L. Phelps; Retinal ablative therapy for active 
proliferative retinopathy of prematurity E. A. Palmer, 

A, W. Biglan & R. |. Hardy; Retinal detachment in 
feunopaiky af prematurity W. Tasman; The ocular sequelae 
of regressed retinopathy of prematurity B. |. Kushner; 
Epidemiology of retinopathy of prematurity 

iva D. Alberman; Developmental issues in blind infants anc 
children with retinopathy of prematurity §. W. Tepfin. 


Routines in Neonatal Care 
Volume 4: Edited by R. Cooke 


in preparation. 250 pages, illustrated. 
About £30.00 


In this book a group of specialists provide a 
critical discussion of the routines employed in 
the management and treatment of the newborn. 


Contents: Feeding the newborn; Nutritional supplements; 
Temperature control, humidity and fluid balance: jaundice, 
phototherapy and exchange transfusion; Colonisation and 
infection; Apnoea monitoring in premature babies: Brain 
imaging; Nursing management ni oxygen and the ventilated 
infant; Monitoring blood gases and blood pressure; Early 
discharge hame. 
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Annotations 


Pharmacological manipulation of the 


ctus arteriosus 





Physiological considerations 


Tke postnatal rise in blood oxygen tension is widely 
recognised as the trigger to closure of the ductus 
arteriosus. The prostaglandins are increasingly recog- 
nised as the mediators of this phenomenon.’ One 
suggested mechanism is that increased oxygen ten- 
sien may promote the conversion of arachidonic 
acd to prostaglandin F.,, which is known to be 
present in ductus arteriosus tissue and is a ductus 
coastrictor. Another is that patency of the fetal 
ductus arteriosus may be actively sustained by 
intramural prostaglandin E» (PGE>) and that post- 
nazal exposure to oxygen reduces the responsiveness 
of the ductus to PGE,. There are certain clinical 
conditions in which the oxygen trigger does not 
seem to operate fully—-for example, the ductus 
areeriosus often closes in congenital right heart 
obstructive lesions despite severe hypoxaemia, 
while it often remains patent in premature infants 
despite normal blood oxygen tensions. Treatment 
has been directed on the one hand towards the use 
of the E type prostaglandins to maintain ductus 
arteriosus patency and on the other towards the drug 
inkibition of prostaglandin synthesis to encourage 
ductus constriction. Indomethacin has been the drug 
mast widely used as a prostaglandin synthetase 
inkibitor. 


Management of patent ductus arteriosus in the 
premature infant 


The demonstration that administration of in- 
domethacin could achieve closure of patent ductus 
arferiosus in premature infants led to a major 
co laborative randomised trial in the United States.” 
Approximately 20% of 3559 infants weighing 
1750 g or less met the criteria of having a “haemo- 
dynamically significant’ patent ductus arteriosus, 
including the need for ventilatory support. Infants 
were excluded if there was poor renal function, a 
bleeding tendency, or necrotising enterocolitis. 
Approximately 10% of the whole group of infants 
coisequently entered the trial. 

All infants were given conventional medical 
treatment, including fluid restriction and diuretics. 
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Indomethacin was either given at the beginning of 
‘usual medical therapy’ or after 36—48 hours of 
treatment with placebo or not at all, the groups 
having been randomised and the physicians 
‘blinded’. Surgical ligation of the patent ductus 
arteriosus was undertaken if medical treatment 
failed in any of the groups. 

At 48 hours after treatment 79% of infants who 
had received indomethacin no longer had a 
‘haemodynamiucally significant’ patent ductus arter- 
iosus compared with 28% of those who had received 
placebo. The ductus arteriosus reopened in 
26% of those who received indomethacin but it 
subsequently closed again in most of them. Overall, 
permanent closure of the ductus arteriosus occurred 
without the need for surgery in 79% of the infants 
who received indomethacin and in 35% of those 
who received placebo. In infants whose birth weight 
was less than 1000 g the closure rate associated with 
treatment with indomethacin was three times the 
spontaneous closure rate but the incidence of 
indomethacin failures was also slightly higher than 
in infants weighing more than 1000 g. 

The overall mortality did not differ significantly 
whether infants were given usual medical treatment 
with indomethacin initially or later or whether they 
proceeded to surgical ligation of the ductus arter- 
iosus having been in the placebo or the indometha- 
cin group. The surgical group, however, had a 
higher complication rate, especially pneumothorax 
and retrolental fibroplasia, and the infants who were 
given indomethacin as part of the initial treatment 
had a higher incidence of bleeding than those to 
whom it was given only when usual medical treat- 
ment had failed. Bronchopulmonary dysplasia and 
necrotising enterocolitis had a similar incidence in 
each of these groups. In a follow up evaluation at the 
age of 1 year there were no significant differences 
between the groups in terms of the proportion of 
infants with poor outcome.” 


Conclusions. There seems to be some merit in using 
intravenous indomethacin in those infants with a 
notable patent ductus arteriosus who do not respond 
to 36-48 hours of fluid restriction and diuretics and 
in whom there is no contraindication to its use. 
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Approximately one quarter of all infants with a 
haemodynamically significant patent ductus 
arteriosus would then probably require surgical 
closure compared with two thirds if indomethacin 
was not used. The multi-centre study did not report 
whether the results varied |from one centre to 
another. The timing of surgical closure of the ductus 
would probably have been bi on the individual 
clinical assessment of each infant and might con- 
ceivably have influenced the outcome in the various 
centres. Small randomised) studies have been 
reported in which infants were given indomethacin 
as a prophylactic measure * Although a lower 
incidence of subsequent appreciable shunting was 
shown, there were more complications, and the 
overall benefits of this strategy must remain 
speculative. 


Principles of management. AJ firm policy will often 
depend on the experience of the individual centre 
and the local surgical Its. When optimal 
conditions prevail for both | medical and surgical 
management it seems reasonable to use indomethacin 
after . 36-48 hours. of fluid restriction, diuretics, 
and other routine measures. The recommended 
initial intravenous dose is 0-2 mg/kg body weight, 
repeated at 12 hourly intervals for a total of three 
doses. The second or third dase should not be given 
if contraindications develop or if there is evidence 
that complete closure of the ductus arteriosus 
has already occurred. In those infants who are 
8 days or older the second and third doses of 
indomethacin may be increased to 0-25 mg/kg body 
weight because there is evidence that indomethacin 
is metabolised more rapidly by the premature infant 
as postnatal age advances. If the patent ductus 
arteriosus remains significant early surgical ligation 
should be undertaken. If indomethacin induces 
‘closure’ and the ductus then ‘reopens’ a further 
three doses of indomethacin may be tried before 
resorting to ligation. The good surgical results in the 
major cardiac surgical centres justify fairly early 
referral for ligation. 


Ductus dependent congenital heart disease 


The E type prostaglandins: pathophysiological con- 
siderations. In early clinical studies infusions of 
either prostaglandins E; or Eż (PGE; or PGE,) were 


consistently effective in improving the oxygenation 
of neonates whose pulmonary blood flow depended 
on patency of the ductus arteriosus.*” Infusions of 
PGE, also proved helpful in neonates with inter- 
rupted aortic arch, juxtaductal coarctation of the 
aorta and hypoplastic left heart syndrome,® and, 
more recently, critical a rtie stenosis; ductus 


patency allowed the descending aorta and kidneys to 


be perfused from the pulmonary artery. The other 
application of treatment with prostaglandin E is the 
presence of complete transposition of the great 
arteries when interatrial mixing is poor, either 
before or after balloon atrial septostomy.” The 
increased flow through the ductus arteriosus from 
the aorta to the pulmonary artery then results in an 
increase in pulmonary blood flow and‘an increased 
pulmonary venous return to the left atrium. The left 
atrial pressure rises, encouraging the flow of oxy- 
genated blood across the interatrial communication 
into the right heart and the systemic circulation. 


Clinical evaluation of treatment with prostaglandin. 
An extensive assessment of the use of infusion of 
PGE, in treating infants with ductus dependent 
congenital heart disease was undertaken in a col- 
laborative clinical trial in the United States involving 
492 infants.’ 1° In almost all the cases in the study 
the infusion was continued for no more than several 
hours, the objective being to stabilise the infant in 
preparation for emergency palliative surgery. PGE, 
(rather than PGE,) was chosen for the trial for 
theoretical reasons, although PGE, had seemed 
equally effective. The earlier reports and the col- 
laborative study emphasised the use of infusion of 
PGE, or PGE, for a period of a few hours before 
emergency surgery. Longer term infusion was in- 
itially reported in preterm infants, but enthusiasm 
for its use has probably been limited partly by 
practical considerations as well as by an appreciable 
incidence of side effects.°!° The use of an oral 
preparation of PGE, has simplified long term 
administration“! Y 

In infants with a ductus dependent pulmonary 
circulation a single oral dose of PGE, caused an 
increase in arterial oxygen content similar to that 
reported in the US collaborative study when in- 
travenous infusion of PGE, was used. Arterial 
oxygen saturation and plasma PGE, concentration 
reached similar values whether PGE, was given 
orally or by intravenous infusion. These values 
increased within 15-30 minutes after an oral dose, 
implying rapid absorption from the alimentary tract. 
A larger dose caused a proportionately greater 
increase in plasma PGE, concentration, confirming 
that absorption was efficient. Higher plasma PGE, 
concentrations, however, were not usually associ- 
ated with better blood oxygenation, probably be- 
cause the ductus had been fully dilated by the lower 
dose. These observations have helped to rationalise 
both the route of administration and the appropriate 
dosage. 

Hourly administration of oral PGE, is necessary 
to maintain arterial oxygenation at satisfactory 
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levels for the first week or two. Subsequently, the 
dosage or its frequency can be reduced. The ductus 
arteriosus did not remain patent if treatment with 
PGE, was stopped, even after many months of 
treatment, but in some infants it has been possible to 
lengthen the periods between doses to as much as 
every 4-6 hours to treat them at home. Long term 
trectment encouraged growth of the infants and of 
ther pulmonary arteries, which seemed to be 
advantageous to the surgeons when they performed 
palliatwe shunts. 


Complications of E type prostaglandins. The inci- 
dence of complications in the first 62 patients 
trected in Birmingham with PGE, (oral or in- 
travenous, or both)! was compared with those 
reported in the US collaborative study in which 
intravenous PGE, was used.” Apnoea and car- 
diovascular complications were much less common 
dur ng low dose treatment with PGE; than during 
infusion of PGE,. but diarrhoea and mild fever were 
more common. Necrotising enterocolitis was a rare 
complication in both studies, usually related to 
cardiac catheterisation. Complications such as cor- 
tica. hyperostosis, friability of the ductus arteriosus, 
or damage to pulmonary vascular smooth muscle 
have been described after long term treatment with 
PG=,. None were seen in infants treated with long 
term PGE;, probably having been avoided by the 
low dosage used in Birmingham. 


Rat.onale of treatment with prostaglandin E. There 
are distinct advantages in using the oral preparation 
in preference to the intravenous one. It is easier to 
administer and its absorption and beneficial effects 
are rapid. It is particularly suitable for long term use 
and it has enabled most infants so treated to grow 
satisfactorily. There may also be an economic 
argament in favour of PGE,: the cost of the 
intravenous preparation is one fifth the cost of PGE, 
and the daily cost of treatment with the oral 
preparation is only 14% the cost of an ampoule of 
PGE). 

Treatment with oral PGE, is usually begun as 
sooa as the diagnosis has been established by 
cross-sectional echocardiography. If a subsequent 
diagnostic cardiac catheterisation ts to be performed 
it is better done when the neonate’s oxygenation and 
metabolic state have been improved. Treatment 
may be begun in the neonatal unit before transfer- 
ring the infant to the cardiac referral centre, 
preferably after consultation with the cardiologist 
because there are potential risks if infants with total 
ano nalous pulmonary venous return or persistent 
feta. circulation are inadvertently given prosta- 
glardin E. 


The initial oral dosage of PGE, should be 20-25 
ug/kg hourly, decreasing the dose frequency after 
the first week. When gastrointestinal absorption is 
expected to be poor, when oral treatment is ineffec- 
tive, or if diarrhoea becomes troublesome an in- 
travenous infusion should be begun in a dose of 
0:003 ug/kg/min. Occasionally it is necessary to 
increase the infusion dose for a few hours and it is 
exceptional to have to use doses as high as 0-01 
lig/kg/min. There seems to be little justification for 
the continued advocacy of doses as high as 0-05—-0-10 
ug/kg/min even if PGE, is used. Infants may be 
treated with oral PGE, for between one and four 
weeks initially, and then decisions should be made 
on an individual basis whether to proceed with 
surgery or to plan a longer course of treatment to 
encourage further growth. 
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Guardians ad litem 


Who are they? 


The office of guardian ad litem is an ancient one, 
guardians have traditionally been appointed in court 
proceedings to safeguard the interests of children 
and mental patients. But from May 1984, in 
response to the Maria Colwell tragedy, the courts 
have been given new powers to appoint guardians ad 
litem to look after children’s interests in care 
proceedings—-where a local authority goes to the 
magistrates court for an order allowing it to take a 
child into care, usually because of neglect or ill 
treatment, or where parents apply to the magistrates 
to have a child in the care of the local authority 
returned to them. 


Why were they needed? 


The inquiry into Maria Colwell’s death highlighted 
the fact that the interests of children and their 
parents often do not coincide. Parents are not 
parties to care proceedings—-the two parties are the 
local authority and the child. Because they are not 
parties, parents until recently were denied legal aid. 
But solicitors acting on legal aid for the child did not 
always appreciate the possible conflict of interest 
between the child and his parents and tco often took 
their instructions from the parents, as if they were 
the clients. The 1975 Children Act provided for local 
authorities to maintain panels of independent social 
workers to act as guardian ad litem to the child, and 
for parents, though not parties, to have legal aid to 
instruct their own, separate, solicitor. It took nearly 
10 years for the new system to come into operation, 
but in the meantime, as a result of Law Society 
guidance, solicitors acting for children in care 
proceedings increasingly asked independent social 
workers to assist them, as happened in the Jasmine 
Beckford case, where the proceedings took place 
before the new system was brought into force. 


The guardian ad litem’s role 


The roles of an independent social worker and of a 
guardian ad litem are, however, different. The 
solicitor can disregard the social worker's report or 
put it forward as he chooses, depending on whether 
it advances his case. The guardian ad litem, by 
contrast, is appointed by the court and is very much 
in control of the case. It is the guardian who 
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instructs the solicitor on the child's behalf. carries 
out the investigation, and puts all the relevant 
circumstances before the court. Unlike independent 
social workers, guardians ad litem have the right to 
examine social services’ and other records. 


Selection and duties 


Guardians ad litem, drawn from panels kept by local 
authorities, are trained soctal workers who are 
independent or employed by voluntary agencies or 
by other local authorities. As the report of the 
Jasmine Beckford enquiry points out, ‘the leitmotif 
of modern child care law is preventive action.’ 
Local authorities have a general duty to provide 
support for children in their families, so as to lessen 
the need to take children into care. This overall 
preventive duty, however, is no part of the guardian 
ad litem’s role. His task is to safeguard and promote 
the child’s interests until adul thood. assist the court, 
and ascertain, and inform the court of, the child’s 
wishes and feelings. He has a duty to ‘so far as it is 
reasonably practicable, investigate all circumstances 
relevant to the proceedings’ and, to do this, to 
‘interview such persons and inspect such records and 
obtain such professional assistance’ as he thinks 
appropriate. 

In the Beckford case the magistrates were not 
shown a crucial paediatric radiologist’s report. Had 
a guardian ad litem been appointed, says the panel's 
report, ‘Dr Levick’s report would never have 
suffered the fate of courtroom confusion, or subse- 
quent interment in a departmental file.’ 

It is up to the guardian, however, whether he 
thinks it relevant to the proceedings and appropriate 
to interview a paediatrician who has been involved 
with the child. Some paediatricians have complained 
that in some cases guardians have not approached 
them and have also bypassed social workers and 
health visitors who have known the family inti- 
mately. The blue book prepared by the Department 
of Health and Social Security (DHSS) states: “He 
(the guardian) should not overlook other adults with 
whom the child has established a relationship or who 
may be able to comment on his needs. Legal aid will 
usually be available to pay for expert advice or 
reports from specialists such as educational psycholo- 
gists, doctors or child psychiatrists.” It is certainly 
up to the guardian what weight to attach to a 
paediatrician’s view on whether the child should be 


returned to his parents when he comes to write his 
report for the court. 

If the child and the guardian disagree 

Weat if the child disagrees with what the guardian 
ad litem believes to be in his best interests? The 
chëd. for instance, may not want to be taken into 
care. while the guardian ad litem may favour a care 
order. If the solicitor thinks the child is old enough 
anc has sufficient understanding he must take 
instructions from the child. From that point, the 
solicitor and the guardian ad litem cease to work 
tog2ther, and the solicitor may challenge the guar- 
dian ad litem’s report by calling an independent 
soc al worker as witness. In these circumstances a 
paediatrician who had not been approached by the 
guardian might be called as a witness by the child's 
solicitor. 





What can paediatricians do? 


DESS advice to a paediatrician who feels his 
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possible contribution has been overlooked by a 
guardian ad litem is first to approach the guardian 
offering to assist with the investigation. If the offer is 
turned down he may wish to get in touch with the 
child’s solicitor or make it known to the clerk of the 
court that he feels he has an interest in the case. A 
DHSS spokesman has pointed out that the guardian 
has access to social services records and if a 
paediatrician has been part of a child abuse team his 
views may already be noted in those records. 
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Prognostic value of different staging systems in 
neuroblastomas and completeness of tumour excision 
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AND O H NIELSEN 


State University Hospital, Rigshospitalet, and Finsen Laboratory, Copenhagen, University Hospital, Aarhus, 
University Hospital, Odense, and Aalborg Hospital, Denmark 


SUMMARY Two hundred and fifty three patients were retrospectively assigned to eight different 
staging systems proposed for neuroblastomas, and the prognostic value of each staging system 
was evaluated individually. The ability of each system to predict prognosis was compared with the 
others and the system proposed by Evans et al found to be the best predictor, even better than the 
recently proposed Tumour-Nodes-Metastases staging system. This is probably due to the fact that 
factors other than the resectability of the tumour play a major role in the survival of these 


children. Age was found to have independent prognostic significance whatever staging system 


was used. 


The vagaries of the natural history of neuroblas- 
tomas are notorious, and because of this various 
staging systems have been proposed in estimating 
the prognosis for children with this tumour, mostly 
based on the extent of the disease, the surgical 
resectability, the pattern of metastatic spread, and, 
in some cases, the degree of histologic differentia- 
tion. The staging system of Evans er al' is the most 
widely adopted, although the system proposed by 
Pinkel et al’ ? is also widely used and recently a 
Tumour-Nodes-Metastases (TNM) staging system 
has been devised under the auspices of the Inter- 
national Union against Cancer.‘ 

The aims of this study were to restage retrospec- 
tively an unselected patient population comprising 
all children with neuroblastoma in Denmark during 
the period 1943-80 according to the various staging 
systems proposed, to compare the prognostic value 
of the different systems, and to evaluate the role of 
surgical excision of the primary tumour on the 
prognosis. 


Material and methods 


The patients comprised 255 cases of neuroblastoma 
treated in Denmark during the period 1943-80. Of 
these, 237 had been proved histologically. In the 
remaining 18 the case history pointed clearly to 
neuroblastoma but either the histological diagnosis 
was inconclusive—that is, suggestive of neuroblas- 
toma-—and could not be re-examined (13 cases) or 
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no histological diagnosis had been made and the 
diagnosis was based on either raised urinary excre- 
tion of 3-methoxy-4-hydroxymandelic acid (three 
cases) or orbital metastases and tumour abdominis 
(two cases). These 18 cases were staged according to 
Evans et al' as follows: stage I: 0 cases: stage H: two; 
stage HI: two; stage IV: 12; stage IV-S: one; stage 
unknown: one, as the hospital record of a child with 
the histological diagnosis suggestive of neuro- 
blastoma had disappeared. One child died at home 
without having been admitted to hospital and thus 
could not be staged; the autopsy revealed neuroblas- 
toma. It was therefore possible to stage the extent of 
the disease according to the various staging systems 
for 253 cases only. Studies from part of this patient 
population have been published elsewhere.> 

Patients without evidence of the disease two years 
after diagnosis were considered cured. The tumours 
were staged retrospectively according to the follow- 
ing systems: Evans et al,’ ° Pinkel et al,” > Sandstedt 
et al,’ Cohen,* James,” Thurman and Donaldson,!° 
the TNM clinical stage grouping,* and the TNM post 
surgical histopathological stage grouping.* It should 
be mentioned that for staging purposes investiga- 
tions not performed were considered negative. The 
different staging systems are as follows. 


Evans et al.' ° 

Stage I 

Tumours confined to the organ or structure of 
origin. 


a a 
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Stege II 

Tumours extending in continuity beyond the organ 
or structure of origin but not crossing the midline. 
(Regional lymph nodes on the homolateral side may 
be involved. All intraspinal tumours are included 
uness the extraspinal portion of the tumour crossed 
the midline. For tumours arising in midline struc- 
tusxes—for example, the organs of Zuckerkand|— 
penetration beyond the capsule and involvement of 
lymph nodes on the same side shall be considered 
stage Il. Bilateral extension of any sort shall be 
considered stage III.) 

Stege III 

Tumours extending in continuity beyond the mid- 
line. (Regional nodes bilaterally may be involved.) 
Stege IV 

Remote disease involving skeleton, organs, soft 
tissues, or distant lymph node groups (see stage 
IV-S). 

Stege IV-S 

Patients who would otherwise be classed as stage I 
or II but who have remote disease confined only to 
on2 or more of the liver, skin, or bone marrow 
(without radiographic evidence of bone metastases 
on. complete skeletal survey). 


Pinmkel et al.” ° 

Stege I 

Lccalised, complete resected tumour. 

Stege IIA 

Lecalised, resected, but possibly residual micro- 
scopic tumour. 

Stege LIB 

Lecalised tumour, partially or not resected. 
Stcge LITA 

Regional or systemic spread of disease without 
involvement of bone or bone marrow. 

Stege ITB 

Same as stage IHA, but evidence of a single, 
localised destructive lesion of bone; no involvement 
of bone marrow. 

Stage IIC 

Generalised tumour in bone or bone marrow, or 
bcth. 


Sandstedt et al.” 

Stege Á 

Lccalised, well incapsulated tumour. 

Stege B 

Tumours infiltrating surrounding organs or regional 
lymph nodes. 

Stage C 

Tumours with metastases to distant lymph nodes or 
other organs, or both. 


Stage IV-S 
The same definition as in the classification of Evans 
et al (see above). 


Cohen. 

Stage 1 

Disseminated disease. Cases showing histological 
evidence of involvement of bone marrow or clinical 
or radiological evidence of bony or periorbital 
metastases. 

Stage 2 l 

Hepatic disease. Cases presenting with gross hepa- 
tomegaly without other evidence of metastatic 
involvement, with or without a discoverable primary 
tumour. Liver biopsy confirms that the liver is 
diffusely involved by undifferentiated neuro- 
blastoma. 

Stage 3 

Peripheral disease. These cases present with super- 
ficial nodules, which are shown on biopsy examina- 
tion to be undifferentiated neuroblastoma tissue. A 
primary tumour may or may not be detectable. 
Fresh nodules continue to occur for a limited time 
and may be cutaneous, subcutaneous, or subfascial, 
within one of the muscle bellies. They are usually 
small, encapsulated nodules that are readily dis- 
sected out for biopsy examination. 

Stage 4 

Infiltrative disease. In these cases the tumour is 
usually large and vascular. Because of its lack of a- 
complete capsule it is invariably irremovable. There 
is usually pronounced involvement of regional 
lymph nodes, extending well up around the great 
vessels. 

Stage 5 

Encapsulated tumours. Such tumours can always be 
totally or subtotally removed. 

Stage 6 and Stage 7 

These comprise differentiated tumours (grade I or II 
of Beckwith and Martin’!) and neuroblastoma in 
situ! but are excluded from this study as no attempt 
has been made to grade the tumours histologically in 
this study and as cases of neuroblastoma in situ 
possibly represent a variation in the normal morpho- 
genesis of the adrenal gland.” 


James.” 

Stage I 

Localised and resectable. 

Stage II 

Regional and unresectable. 

Stage Ill 

Generalised and without involvement of bone or 
marrow. i 
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Stage IV 
Generalised and with involvement of bone or bone 
marrow. 


Thurman and Donaldson.'” Excludes all children 

under | year of age. 

Stage F 

Localised and totally resectable. 

Stage H 

Regional, non-resectable. 

Stage [Il 

Generalised and with involvement of bone marrow. 

Stage IV 

Generalised and with involvement of bone. 
Stages I and H are originally subclassified accord- 

ing to the differentiation of the tumours, which as 

previously mentioned is not possible in this study. 

Similarly. the original proposal that stage I tumours 

automatically be reclassified to stage Il if excretion 

of catecholamine remains high three months after 

removal of the tumour is not possible for all tumours 

in this study as the urinary excretion of 3-methoxy-4- 

hydroxymandelic acid was not analysed in all the 

patients. The proposal ts therefore excluded from 

this study. 


TNM clinical stage grouping.“ 

Stage | 

Primary tumour 5 cm or less in its greatest dimen- 
sion; no evidence of involvement of regional lymph 
nodes, or the minimum requirements to assess the 
regional lymph nodes cannot be met. No evidence of 
distant metastases. 

Stage Hl 

Primary tumour more than 5 cm but not more than 
10 cm in its greatest dimension. No evidence of 
involvement of regional lymph nodes, or the mini- 
mum requirements to assess the regional lymph 
nodes cannot be met. No evidence of distant 
metastases. 

Stage II 

Primary tumour in stage I or H, but evidence of 
involvement of regional lymph node or primary 
tumour is more than 10 cm in its greatest dimension. 
The regional lymph nodes may or may not be 
involved. No evidence of distant metastases. 
Stage IV 

Primary tumour single, irrespective of its greatest 
dimension. Regional lymph nodes may or may not 
be involved. Evidence of distant metastases. 
Stage V 

Multicentric tumours occurring simultaneously. Re- 
gional lymph nodes may or may not be involved. 
Distant metastases may or may not be present. 


TNM post surgical histopathological stage grouping.” 
Stage I 

Excision of tumour complete and margins histologi- 
cally free. No evidence of tumour can be found on 
histological examination of regional lymph nodes or 
the extent of invasion cannot be assessed—that is, 
no surgical excision of the regional lymph nodes per- 
formed or inadequate information on the patho- 
logical findings. No evidence of distant metastases. 
Stage Il 

Excision of tumour complete and margins histologi- 
cally free. Evidence of invasion of regional lymph 
nodes, involved nodes considered to be completely 
resected, or the extent of invasion cannot be 
assessed (see above). No evidence of distant metas- 
tases. 

Stage HIA 

Evidence of microscopic residual tumour. No evi- 
dence of tumour found on histological examination 
of regional lymph nodes, or evidence of invasion of 
regional lymph nodes, involved nodes considered to 
be completely resected, or the extent of invasion 
cannot be assessed (see above). No evidence of 
distant metastases. 

Stage IIIB 

Evidence of macroscopic residual tumour or grossly 
incomplete excision or primary tumour. Regional 
lymph nodes may or may not be completely resected 
or excision of tumour complete or with evidence of 
microscopic residual tumour, but evidence of inva- 
sion of regional lymph nodes, involved nodes 
considered to be incompletely resected. No evi- 
dence of distant metastases. 

Stage IV 

Primary tumour may or may not be resected. 
Regional lymph nodes may or may not be involved 
(and completely or incompletely resected). Evi- 
dence of distant metastases. 

Stage V 

Evidence of multicentric tumour. Regional lymph 
nodes may or may not be involved. Distant metas- 
tases may or may not be present. 

In the JNM post surgical histopathological stage 
grouping’ the operations performed on the primary 
tumour are defined as follows. pTO: No evidence of 
tumour found on histological examination of speci- 
men. pT l: Excision of tumour complete and mar- 
gins histologically free. pT3a: Evidence of micro- 
scopic residual tumour. pT3b: Evidence of macro- 
scopic residual tumour. pT3c: Grossly incomplete 
excision. The prefix y to the above mentioned 
categories indicates secondary operation. Thus only 
pTi, ypTO, ypTi, pT3a, ypT3a, pT3b, and ypT3b 
could be assigned as tumour excision in evaluating 
the role of surgery in patients with neuroblastoma. 

The tumours were classified in each staging 


Me 
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system, one by one, by carefully reviewing the 
surgical notes of each patient as well as the physical 
examination and diagnostic studies at the time of 
dizgnosis. 


The initial statistical analysis of the 253 patients 


coasisted of calculation of survival curves and simple 
statistics on these. The log rank test was used to 
compare survival curves drawn by the actuarian 
(decrement) method of Kaplan-Meier. Each of the 
staging systems was evaluated individually for prog- 
nostic significance and logistic regression analysis!‘ 
used to detect the effect of each staging in the 
different systems on the survival after adjustment 
for other prognostic factors (age at diagnosis and 
treatment). 


Results 


Figure 1 shows the survival curves in the different 
steges proposed by Evans et al.! 6 The prognosis 
ge-s progressively worse from stage I to stage IV with 
stege IV-S lying between them. The differences in 
sucvival between the different stages are significant 
(p=0-0001). 

Figure 2 shows the survival curves in the different 
steges proposed by Pinkel et al.? > The prognosis 
geis progressively worse from stage I to stage IMA 





(p=0-0001), whereas the prognosis for stages HA 
and IIB and for stages IITA, HIB, and HIC are not 
significantly different. 

Figure 3 shows the survival curves in the different 
stages proposed by Sandstedt et al.’ The prognosis 
gets progressively worse from stages A to C with 
stage IV-S lying between them. The differences in 
survival between the different stages are significant 
(p=0-0001). 

Figure 4 shows the survival curves in the different 
stages proposed by Cohen.® The prognosis gets 
progressively better from stage 1 to 5, with stages 2 
and 3 lying between them. The difference between 
stage 1, stages 2 and 3, stage 4, and stage 5 is 
significant (p=0-0001), whereas the difference be- 
tween stages 2 and 3 is not significant. 

Figure 5 shows the survival curves in the different 
stages proposed by James.’ The prognosis gets 
progressively worse from stage I to stage IMI 
(p=0-0001), whereas the difference between stages 
M and IY is not significant. 

Figure 6 shows the survival curves in the different 
stages proposed by Thurman and Donaldson.” The 
prognosis gets progressively worse from stage I to 
stage HI (p=0-0001), whereas the difference be- 
tween stages III and IV is not significant. 

Figure 7 shows the survival curves in the different 
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Fig. 1 Survival in the different stages as proposed by Evans et al by Kaplan-Meier plot (the decrement method). 
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Fig.2 Survival in the different stages as proposed by Pinkel et al by Kaplan-Meier plot (the decrement method). 
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Fig.3 Survival in the different stages as proposed by Sandstedt et al by Kaplan-Meier plot (the decrement method). 
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Fiz.4 Survival in the different stages as proposed by Cohen by Kaplan-Meier plot (the decrement method). 
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Fiz.5 Survival in the different stages as proposed by James by Kaplan-Meier plot (the decrement method). 
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Fig.6 Survival in the different stages as proposed by Thurman and Donaldson (excluding children aged under 1 year) by 
Kaplan-Meier plot (the decrement method). 
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Fiz.8 Survival in the different stages of the TNM post surgical histopathological stage grouping by Kaplan-Meier plot (the 
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stages of the TNM clinical stage grouping.* The 
prognosis gets progessively worse from stage I to 


_ Stage IV (p=0-0001), whereas the differences be- 
tween stages I and II and between stages IV and V 


ase not significant. 

Figure 8 shows the survival curves in the different 
stages of the TNM post surgical histopathological 
stage grouping.* Again the prognosis becomes 
progressively worse from stage I to stage IV 
(¢=0-0001), whereas the differences between stages 
IL and INA and between stages IV and V are not 


siznificant. 


Comparison of the prognostic value of the different 
staging systems. Using the system of Evans et al! É as 
reference stage’for each patient, the distribution of 
tre patients on the stages in the other systems is 
skown in the Table, which also gives the number of 
strvivors in the individual stages. 

Age at diagnosis and treatment have a significant 
p-ognostic value in this population (p<0-001). 
Adjusting for these factors, the survival probability 
ir each staging system was estimated using the 
Icgistic regression model. Each staging system was 
found to be significant (p<0-0001 in all cases), 
except the system of Thurman and Donaldson, 
where children.aged under 1 year are excluded. In 


this case age at diagnosis was not significant. 
Otherwise age at diagnosis has independent prog- 
nostic value even when the staging systems are 
added (p<0-001). Thereafter all staging systems 
were added to the model in a stepwise manner if 
there was no redundancy, and the system of Evans 
et al © was found to have independent prognostic 
value (p<0-0001), whereas the other staging systems 
provided no further information. The significance 
level was set at 0-05. 

It is of interest that this study confirms the 
existence of stage IV-S of Evans et al! © with a 
favourable prognosis among infants. with metastatic 
disease in liver and skin. Only the systems of 
Sandstedt et al’ and Cohen® give the same informa- 
tion. 

Furthermore, it should be mentioned that the 
three survivors in stage IV of Evans et al! had 
involvement of bone or bone marrow, and a prog- 
nostic favourable subgroup of stage IV-N with 
involvement of lymph nodes only’ could thus not 
be identified in this population. i 


Evaluation of the role of surgical excision of the 
primary tumour on the prognosis. All patients in 
stage I of Evans et al ê had the primary tumour 
excised. Seventeen patients had a pT1 operation 
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performed, of whom four died: one for surgical 
reasons, one as a result of fatal complications due to 
chemotherapy, one by homocide, and one (whose 
tumour was a sacrococcygeal teratoma with areas of 
neuroblastic tissue among many other types of 
mature and immature structures) from progressive 
disease. Three patients had a pT3a_ operation 
performed and none died. 

In stage I] of Evans et al! ° 35 children had the 
primary tumour excised, by either primary (34 
cases) or secondary operations (one case who had a 
yp l operation performed. Histological examina- 
tion of the tumour at that time, however, revealed 
only mature ganglioneuroma tissue. The child, whe 
has survived, seems thus not to have had a beneficial 
effect from surgery.). Of the 34 children who had 
the tumour excised, 21 survived (survival rate 62%) 
compared with nine of the 15 patients who did not 
have the tumour excised {including the above 
mentioned patients who had the secondary opera- 
tion performed) (survival rate 60 %). This was not 
significant. Nine patients had a pT! operation 
performed, five of whom survived. Twenty one 
patients had a pT3a operation performed. of whom 
14 survived. Four patients had a pT3b operation 
performed, two of whom survived. There were no 
differences in survival between the different types of 
operation performed. . 

in stage HI of Evans et al’ ° 16 children had the 
primary tumour excised, by either primary (11 
cases) or secondary (five) operations, of whom two 
survived (survival rate 13%), compared with none 
of the 19 children who did not have the tumour 
excised (not significant). The excisions performed 
were ypTl in one case (who died), pT3a in seven 


(one survivor), ypT3a in one (who died) pT3b in 
four (no survivors), and ypT3b in three (one 
survivor). Thus there were no differences in survival 
between the different types of operation performed. 

In stage IV of Evans et al’ ê 28 children had the 
primary tumour excised, by either primary (20 
cases) or secondary (8) operations, of whom two 
survived (survival rate 7 %), compared with one of 
the 111 children who did not have the primary 
tumour excised (survival rate 1 %) (not significant). 
The excisions performed were pT1 in three cases (no 
survivors), pT3a in four (no survivors), ypT3a in one 
(who survived), pT3b in 13 cases (no survivors), and 
ypT3b in seven (one survivor). Again there were no 
differences in survival between the different types of 
operation performed. 

In stage IV-S of Evans et al' none of the children 
had the primary tumour excised at diagnosis, but 
two children had a secondary operation performed 
later. The operations performed were ypTỌ (as the 
primary tumour had disappeared) and ypT1, respec- 
tively. Both of these children survived, but it 1s 
difficult to evaluate the role of surgery in the 
survival in these cases. Two of the other eight 
children with stage [V-S disease had survived also. 


Discussion 


All the staging systems examined here have prog- 
nostic significance for survival when based on a 
retrospective assignment of the extent of the disease 
in 253 patients. This finding is not surprising as the 
systems proposed by the different authors have been 
based on clinical experience with neuroblastomas. 
Only the systems of Evans et al! ° and Pinkel 
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et al,>> however, have been evaluated pros- 
pectively® © 1 318 and have proved their validity in 
predicting the prognosis for survival for the patients 
in the different staging groups. 

For staging purposes investigations not performed 
hare been considered negative in this study. This 
means that the stage of the disease in the individual 
patient is the minimum stage. Although radio- 
graphic skeletal surveys were only performed in 179 
patients, bone marrow aspirates were only per- 
formed in 126, and regional lymph nodes were not 
sampled systematically and when sampled included 
lymph nodes adjacent to the tumour.!® Only the 
folowing unperformed investigations may give rise 
to bias in the distribution of patients between the 
vanous stages: Evans’ stage I: bone marrow 
aspirates not done in eight patients, all of whom 
survived, with only two receiving chemotherapy; 
Evans’ stage II: regional lymph node biopsy ex- 
amination not performed in eight patients, and bone 
marow aspirates not done in 22, of whom 13 
survived, with only two receiving chemotherapy 
(survival rate 13/22 compared with 17/27 who had 
bone marrow aspirates performed); Evans’ stage 
IIL. regional lymph node biopsy examination not 
pe-formed in six patients, and bone marrow aspi- 
rates not performed in eight, of whom one who 
received chemotherapy survived (survival rate 1/8 
compared with 1/27 who had bone marrow aspirates 
pe-formed). In patients with Evans’ stages IV and 
IV-S disease investigations not performed could not 
have altered the stage. 

-deally, age should not be an independent prog- 
nostic factor in a staging system. We found, how- 
ever, that age has independent prognostic significance 
in all staging systems except that of Thurman and 
Denaldson,!© which excludes all children aged under 
1 wear. This is in accordance with the findings of 
mest other authors.-3 $ 7 14 16 19 20 

All staging systems investigated except the TNM 
clinical stage grouping’ are based on non-invasive 
diczgnostic methods as well as surgical estimation of 
the extent of the primary tumour. In the systems 
proposed by James,’ Thurman and Donaldson,'® 
and Pinkel et al,2? and the TNM post surgical 
hictopathological stage grouping system* the resec- 
tability of the primary tumour in localised and 
regional disease is part of the systems, whereas the 
resectability of the tumour is not a part of the 
steging systems of Evans ef al, 6 Sandstedt et al,’ or 
Cchen.® The latter authors note only the extent of 
the disease without reference to resectability. In the 
systems of Pinkel et al’ > and the TNM post surgical 
histopathological stage grouping even a micro- 
scopic evaluation of lymph nodes and the margin of 
resection in the tumour is included. Based on this 


surgicopathologic staging system, Hayes et al found 
that involvement of lymph nodes in localised and 
regional disease was a poor prognostic feature,’ in 
accordance with Ninane et af’ but contrary to the 
findings of others. ° In a retrospective analysis 
Tourneau et al found involvement of regional lymph 
nodes did not worsen the prognosis if the involved 
nodes were completely resected,” perhaps because 
all of their patients with positive lymph nodes had 
subsequent chemotherapy. 

Based on this retrospectively staged patient 
population we found the staging system of Evans et 
al' ê superior to the other proposed systems tested 
for in predicting the final outcome for the children. 
The TNM clinical stage grouping system’ in particu- 
lar seems to be too rough in predicting the prognosis 
for the children with local and regional disease, as 
the extent of the tumour is not visualised by 
operation. The superiority of the system proposed 
by Evans et aľ © may be due to two factors. Firstly, 
the determination of crossing or not crossing the 
midline relates the tumour size to the size of the 
patient, whereas the measurement of the tumour 
mass in centimetres did not adjust tumour size for 
the size of the patient and it is probably the relative 
tumour bulk that reflects the possibility of micro- 
metastases beside the detectable extent of the 
tumour. Secondly, the data collected here strongly 
suggest that factors other than the resectability of 
the tumour and the completeness of this resection 
have considerable influence on the prognosis, a 
finding which to some extent is in accordance with 
the findings of other authors.! 7 14 16 19 2 

Several authors have suggested the primary 
role of surgical excision of the tumour for sur- 
vival.2 7 18-20 22 23 The resectability of the tumour is, 
however, closely correlated to tumour stage. Thus in 
stage I of Evans etal! all the tumours were resected, in 
stage I most tumours were resected, and in stage II 
only about half of the tumours were resected. In 
stage IV it seems that the sensitivity of the tumour to 
irradiation and chemotherapy has the major influ- 
ence on survival as a ‘second look’ operation is 
carried out on those who respond to the other 
treatment given!” % ?4 and as resection of the 
primary tumour at diagnosis did not seem to 
influence the final outcome.!”? % The survival rate 
for the children in stage MI-IV who underwent a 
‘second look’ operation was 3/13 in this study, a 
figure that -did not differ significantly from the 
survival rate of 7/10 reported by Grosfeld et al.” 


Conclusion 


In an unselected patient population the staging 
system proposed by Evans et al' was found to be 


842 


superior to other systems, including the recently 
proposed TNM system.* This seems to be due to the 
fact that factors other than the resectability of the 
tumour play a major role in survival. Another 
reason could be that the tumour size in the system of 
Evans et al' is related to the size of the patient, 
whereas the TNM clinical stage grouping system* 
did not adjust tumour size to the size of the patient. 

The result is based, however, on a retrospectively 
staged patient population, and only a prospective 
investigation could clarify which staging system is 
best. In a prospective investigation of the ability of 
the TNM staging system to predict the final outcome 
for patients with neuroblastoma, however, the 
patients should be staged according to the system of 
Evans et al' © as well. 


We thank the chief physicians at almost all Danish hospitals for 
placing hospital records at our disposal, with special thanks to the 
many secretaries who located them in m archives. 
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Combined deficiency of iron and vitamin D in Asian 
toddlers 


H SRINDULIS, P H SCOTT, N R BELTON, AND B A WHARTON 
Sorrento Maternity Hospital, Birmingham, and Department of Child Life and Health, Edinburgh 


SUMMARY One hundred and forty five Asian children born at Sorrento Maternity Hospital, 
Birmingham, were reviewed at the age of 22 months. A significant association of iron deficiency 
and poor vitamin D state was found. Two fifths of the children were anaemic, two fifths had a low 
plesma concentration of vitamin D, and one fifth had both features. This was more than simple 
overlap of the two deficiencies; the children with low plasma vitamin D concentrations had ` 
significantly lower concentrations of haemoglobin and serum iron. On the other hand, the 
de“iciencies were not merely individual features of generally poor nutrition; growth and other 
measures of protein energy nutrition were slightly better in these children, and their plasma zinc 
concentration was no lower than in the children without deficiencies. It seems, therefore, that 
chid health surveillance as currently practised—for example, growth monitoring, clinical signs, 
etc—will not detect these problems unless a haemoglobin determination is included. In view of 
the association of poor iron and vitamin D state combined prophylaxis is desirable. At present, 
strategies for preventing rickets in this country are not combined with attempts to detect or 


prevent iron deficiency. In our opinion they should be and the options are discussed. 


Many aspects.of infant feeding have improved since 
the publication of Present Day Practice in Infant 
Feeding in 1974,' but there are still some areas of 
corcern, and one of these, voiced in the subsequent 
report in 1980,” is the problem of weaning in Asian 
infants. 

lt had been our impression in hospital practice 
that anaemia is common in Asian children during 
the second year of life, similar to findings in 
Glasgow. The higher prevalence of rickets in this 
grcup is well known. As part of the follow up of 
As.an babies born at this hospital we took the 
opportunity to establish the prevalence of anaemia 
and vitamin D deficiency in this high risk group, to 
determine the causes of the individual and combined 
preblems, and to assess the effects of these problems 
on the health of the children. 


Pacients and methods 


The children studied were born at Sorrento Matern- 
ity Hospital, Birmingham. Their mothers had taken 
pact in a study of nutritional supplementation during 
pregnancy,’ and they are the same children de- 
scribed in our study of tuberculin response after 
bazille Calmette-Guérin vaccine at birth,’ apart 


from four whose mothers declined the invitation for 
a blood test. l 

Altogether, 145 children aged 21-23 months were 
seen by one of us (HG), with the help of a health 
visitor and interpreter, at one of four child health 
centres in central Birmingham. One child was found 
to have coeliac disease and was not included in the 
study. The following assessments were made. 

(a) Dietary history, including duration of time 
breast fed; age at introduction of cow’s milk, solids, 
and household foods; and whether or not the child 
was taking vitamin supplements. A rough estimate 
of the amount of iron in their diet was assessed by 
allotting a score of 0-4 for iron content of a food 
whenever it had been eaten in the past four 
days—that is, 4 for meat, 2 for each vegetable, 1 for 
cereals. 

(b) Psychomotor development, using the Sher- 
idan developmental sequences.° 

(c) Anthropometry, including weight in napkin 
and vest, supine length on a Stadiometer (both 
expressed as a standard deviation score of the 
American centre for health statistics),’ and sub- 
scapular and triceps skinfold thicknesses, using 
Harpenden calipers. 

(d) Clinical examination. 
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(e) Haematological vekigations, including 
haemoglobin concentration, red cell indices, white 
cell count, haemoglobin electrophoresis, serum iron 
concentration (colourimetric method using ferrozine 
(Sigma Chemical Company)) and transferrin (radial 
immunodiffusion) and ferritin (enzyme immunoas- 
say (Abbott Laboratories)) activities. Four children 
with B thalassaemia trait and 25 others had a 
haemoglobin concentration less than 10 g/dl and 
were recalled to a clinic at the hospital. Of these, 24 
(four with the trait and 20 others) reattended, and 
further investigations included repeat blood counts 
in all children and blood lead concentrations and 
serum and red cell folate in| 16. 

(f) Biochemical measurements of nutritional 
state, including serum alkaline phosphatase and 
alkaline ribonuclease activities and zinc and albumin 
concentrations. Plasma vit D (25-hydroxy- 
cholecalciferol) was measured in 124 children, 59 
boys and 65 girls (competitive protein ee assay 
based on the method of |Preece et af). As 
concentrations of plasma vitamin D vary through- 
out the year, perhaps as much as twofold, it is 
difficult to set one concentration below which 
vitamin D state is considered deficient. For this 
study a vitamin D concentration <10 ng/ml was 
taken to be suboptimal and <5 ng/ml deficient. 
Measurements of serum albumin and calcium 
concentrations were available on the mothers in 
pregnancy at 28, 33, and 38|weeks’ gestation. 

The social and ethnic background of the families 
had previously been documented during the preg- 
nancy. This included religion (Muslim, Sikh, or 
Hindu); maternal age and educational class (grade 
0: never attended school;) grade 1: primary 
education; grade 2: 6-10 years’ |secondary education; 
up to grade 7: British university degree); duration in 
England; number of occupants in each room; and 
father’s social. class (according to Registrar 
General’s classification). 

Children with haemoglobin!|<10 g/dl were given 
oral treatment with iron (3 mg elemental iron/kg/day 
as ferrous sulphate) and those who continued follow 
up were seen at monthly intervals. Treatment was 
continued for one month after correction of their 
haemoglobin concentration and mean corpuscular 
volume. Children who failed to attend were notified 
to their health visitors and th ough them to their 
general practitioners. 


Results 


Haematological state at age 
Ten children had 6 or a thalassaemia trait, and one 
child had coeliac disease (see Methods). Table 1 
shows the haematological characteristics of the 


months. (Table 1) 


Table 1 Haematological characteristics of Asian children 
aged 22 months (excluding those with thalassaemia trait) 


No Meen Abnormal 
inverti- (SD) 
gated Criterion of No 
All children 
Haemoglobin (g/dl) 134 11-3 (14) <11° $5 (31) 
<10 25 (19) 
Serum iron (umol/l) 124 149 (68) <9 15 (12) 
Transferrin 
saturation (%) 123 15-1 (8-2) <15" 71 (58) 
Mem 
volume (fi) 133 67-6 (EN <7% & (51) 
Mean corpuscular 
haemoglobin (pg) 133 22:2 (3:7) <24} TT (58) 
Plasma ferritin (ng/ml) 9 7-4 (7-2) <A 51 (57) 
Children with haemoglobin <10 g/dl 
Serum iron (pmol/l) 20 12:7 (5-4) <9* 3 (15) 
saturation (%) 20 10-7 (43)  <15* 15 (75) 
volume (fl) 20 55-9 (6-6)  <70t 19 (95) 
obin 20 17-2 (22) <24} 20 (100) 
Plasina ferritin (ng/ml) 20 3:7 (7-3) <7$ 18 (90) 
Blood lead (ug/dl) 16 17-5 (83) >35 
Red blood cell 
folate (ng/ml) 16 427 (162) <100* 0 
Serum folate (ng/ml) 16 10-4 (3:2) <3* 0 
“World Health Organisation.’ 
{Dallman.’° 
tNathan 11 


{Department of Health and Social Security.? 


other 134 children. Anaemia and iron deficiency 
were common; a fifth of children had a haemoglobin 
concentration <10 g/dl. Commonly accepted indices 
of iron deficiency—for example, microcytosis, low 
ferritin activity, and low transferrin saturation— 
were found in more than half of the children. 


Vitamin D state at age 22 months. (Fig. 1) Plasma 
vitamin D concentration in the 124 children ranged 
from 2-1 to 39 ng/ml with a mean (SD) of 12-7 (6-5) 
ng/ml. Boys had significantly higher concentrations 
than girls (14-3 (6-8) v 11-5 (6-0) ng/ml, respectively, 
p<0-05). There were 49 children (40%) with vita- 
min D concentrations under 10 ng/ml and seven 
(6%) with concentrations under 5 ng/ml. 

The 92 children taking vitamin supplements had 
higher vitamin D concentrations than the 32 unsup- 
plemented ones (13-1 (6-1) v 11-4 (7-0) ng/ml, not 
significant). The well described seasonal variation in 
vitamin D was noted in the unsupplemented group. 
This seasonal variation was minimal in the sup- 
plemented children, who had higher vitamin D |. 
concentrations than the unsupplemented children in 
winter but had no advantage in summer. 
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Association of anaemia and poor vitamin D state, 
(Fg. 2) Twenty four children had both haemoglo- 
bia <11 g/dl and plasma vitamin D <10 ng/ml. 
Children with plasma vitamin D <10 ng/ml had 
significantly lower haemoglobin and serum iron 


concentrations. Mean values for mean corpuscular 
volume, transferrin saturation, and ferritin activity 
were also lower but not significantly so. 


Sociai characteristics. (Table 2) More Muslim 


Table2 Social characteristics of Asian children at 22 months. Values are No or mean (SD) 





Haemoglobin and vitamin D concentrations 


ine RR ES a e aaan ata 


asus avann est OEE RAR AAA PRR a eree aaan hn a A mhrtra AAA AMARA RR RN A 


Haemoglobin <11} gidl 
and vitamin 


fat ee annie tr ar aaant a AA encuentra ara AA ati aa naana ne 


=f <li «I0 z110 <10 D<10 ngimi 

Male 46 28 13 42 17 6 

Female 37 33 16 33 32 IRtH 
Religion: 

Muslim 45 t 2444 4i 34 21** 

Nor-Mauslimi 38 i7 5 34 15 3 
Mo of years in England 5-8 {6} 4-9 (5) 4-} (3) 5-4 (5) 45 {5} 3-2 (3)** 
Cacupants per roord 1-2 (0-3) pS {0-9 1-4 (0R) 1-3 {08} 1-3 (0-9) 1-3 (0-8) 
Father's social class 3-4 (0-9) 37 GQ) 3-9 {Iy 3-7 (0-8) 3-5 {0-9} 4-0 (i) 
Mother's educational class 2-4 (1-6) 21 (2) La {E4 * 2-5 (1-7) 2-1 (7 1-8 (2) 
mo of previous births 1-2 (1-6) 1-5 (1-7) 1-7 (2) 1-2 (4-3) 1-3 (1-3} 1:7 (1-7) 


amenna SSN EAA i aAA AARE ANNEE i pi tees AA AA AAAA ANa anaana 


Mean: significantly different from children with haemoglobin 2 


S<(P0S, ttp<0-01. 


lf g or vitamin D > I0 ng/mb—t test “p<0-05, ""p<O-01. 
Proportion of anaemic Muslim and female vitamin D deficient children greater than non-Muslims and male groups. 


respectively test: 


Prevalence of anaemia and of vitamin D deficiency was similar in Sikhs and Hindus. 


More than 1-5 occupants/room constitutes overcrowding. 
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children were anaemic. The families of children with 
low haemoglobin and vi D concentrations 
tended to be larger and live in more crowded 
conditions; they had been in England for a shorter 
time and were of poorer ial and maternal 
educational class, but not all| of these differences 
achieved significance. 
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atological characteristics and vitamin D state in Asian children aged 22 months (2SE). 


Nutritional characteristics. (Table 3) Both the 
children with anaemia and those with a low vitamin 
D concentration were fatter at birth and at 22 
months and had lower plasma alkaline ribonuclease 
activity. Serum concentrations of albumin and zinc 
were similar in all groups. 

No dietary differences were detected. Comparing 


Table 3 Nutritional SAUCES of Asian children at 22 months. Values are mean (SD) 


Haemoglobin and vitamin D concentrations 


Moan significantly different from children with haemoglobin > 11 g or vitamin D >10 ng/ml—t test: *p<0-05, **p<0-01. 


Haemoglobin (gidi) Vitamin D (ng/ml) Haemoglobin <LI gidi 
aad vitamin 
all <I] <10 >10 <10 D <10 ngimi 
3-07 (0 3-15 (0-4) 3-14 (0-6) 3-03 (0-4) 3-15 (0-4) 3-12 (0-4) 
3-8 (0-9) 41 (1) 4-2 (1)* 4-3 (0-5) 4-5 (1-1) 4-4 (0-8)** 
40-1 (0-2) +0-3 (0-9) +01 (07) +0-05 (1-0) +0-2 (1-0) +0-2 (0-9) 
6-3 (1:5) 64 (1-3) 6-5 (1-3) 6-2 (1-7) 6-9 (1-4) 7-0 (1-1)* 
520 (80) 309 (92) 513 (97) 539 (72) 454 (78)** 480 (73)° 
43 (4) 43 (3) #3 (4) 44 (3) 44 (2) 44 (3) 
10-0 (2-1) 9-7 (1:3) 10-2 (1-3) 9-8 (1-4) 10-1 (1-5) 10-2 (1-5) 
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the zroups with and without anaemia, there were no 
signicant differences in mean duration of breast 
feecng (7 v 6-4 weeks), age of introduction of 
pasteurised cow’s milk (27 v 31 weeks), age of 
introduction of solid foods (25 v 23 weeks), and iron 
scose of diet in previous four days (45 v 44). 


Psychomotor development at 22 months. Children 
with haemoglobin <11 g/dl showed slight but consis- 
tent delay in psychomotor development compared 
with the children without anaemia. The differences 
reached significance for fine motor and social 
devSaopment (haemoglobin <11 g v haemoglobin 
>11 g (mean (SD)) (months): fine motor 20-6 
(1-€ v 21-5 (1-5), p<0-05; social 20-6 (1-6) v 21-4 
(1-2, p<0-01). These differences were not observed 
whea children with adequate and low vitamin D 
comcentrations were compared. 


Disussion 


Anzemia and poor vitamin D state occurred com- 
morly in these Asian toddlers. Two fifths had low 
vitemin D, two fifths were anaemic, and one fifth 
had both features. This study was not planned as a 
rardom sample of the local population of Asian 
tocdlers. The sample consisted only of children born 
at Sorrento Maternity Hospital whose parents were 
suff ciently motivated to bring them to child health 
clim-cs for follow up. We suspect that some children 
whc did not attend the clinic had less motivated 
parents and were more liable to be anaemic or 
vitamin D deficient. What was the cause and effects 
of Nese problems and what, if anything, should be 
do about them? 


Cases. 

Ancemia 

Investigations suggested iron deficiency as the cause 
of zhe anaemia (low mean corpuscular volume, 
trarsferrin saturation, and ferritin activity). We 
consider this to be dietary in origin. Nevertheless, 
we ould detect no dietary differences between the 
groaps with and without anaemia. This probably 
reflects the crude methods used for dietary assess- 
ment, but both groups had diets suggesting a low 
irce intake—that is, early introduction of pasteur- 
isec milk, fairly late introduction of weaning foods, 
any infrequent consumption of iron containing 
foods. Hookworm ova were not sought, but all 
chidren were born in this country and no hookworm 
ove were found in Asians in Glasgow.’* Many of the 
chi-dren lived in poor inner urban housing where 
lead poisoning may have been expected, though 
orly one child had a high bood lead concentration. 


It was the custom in many househoids to simmer 
vegetables for long periods, but no cases of folate 
deficiency were found. Anaemia was more common 
in Muslims, yet they are meat eaters. 


Vitamin D deficiency 

Sunlight was found to be more important than diet 
in maintaining vitamin D concentrations in white 
children in neighbouring Dudley. The rise in 
vitamin D during the summer months in our study, 
however, was modest and much below that seen in 
both Dudley’ and Edinburgh.'© Recorded use of 
dietary vitamin supplements had almost as much 
effect as the season in our study. It seems that for 
these children dietary supplementation can be 
almost as useful as our summer. 


Association of the two deficiencies 

There was a significant association, not a mere 
overlap, of the two deficiencies. Children with a low 
vitamin D concentration had lower haemoglobin 
and serum iron concentrations. This was particularly 
noticeable in winter when half of those with low 
vitamin D concentration were anaemic compared 
with none of those with an adequate vitamin D 
concentration. Both deficiencies were associated 
with evidence of an underprivileged environment 
more crowded living conditions and poorer social 
class and maternal education. This association of the 
two deficiencies is not, however, just a sign of a 
generally poor nutritional state. The deficient chil- 
dren had no evidence of protein energy or zinc 
malnutrition. Indeed, their protein energy state was 
slightly better than the sufficient children in that 


. they were a little fatter and had lower plasma 


activities of alkaline ribonuclease. 


Effects. There was no evidence that the children 
with anaemia or those with poor vitamin D state 
suffered more ill health, nor was their growth 
compromised. 

Psychomotor development was significantly de- 
layed in the children with anaemia. These observa- 
tions were all made by the same observer (HG) 
before the haemoglobin values were known, so we- 
do not consider there is any possibility of bias. The 
investigation was not designed, however, to’ study 
this problem nor did the psychomotor assessments 
have the rigour of one of the formal measurements 
(such as the Denver or Griffiths scales). We 
therefore draw no conclusions from this but are 
planning an intervention study. 


Detection and prevention. Clearly, monitoring of 
growth and other simple methods of child health 
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haemoglobin determination lis necessary. 

_ .if these continuing deficiencies of iron and vita- 
min D are to be prevented would dietary advice 
alone be enough? A substantial proportion of the 
iron and vitamin D intake of white English toddlers 
comes from fortified foods and supplements,” so we 
suspect that some reliance on fortification or supple- 
mentation, or both, will be necessary. This study 
suggests that a combined approach to prophylaxis 
against iron and vitamin D deficiency should be 
considered. There are three possible combined 
strategies. 

(a) The use of an infant formula or follow up milk 
containing iron and vitamin D. This would 
have to continue throughout early childhood 
as these children were|22 months old. 


(b) The addition of iron to Department of Health 
and Social Security vitamin drops. Commer- 

- cial equivalents are available, but the relative 
availability of the ironjand continued potency 

of vitamin D would néed further assessment. 


surveillance would not or these children; a 


Even if this was adopted, our vitamin D . 


results suggest that reliance on regular small 
supplements, particularly in girls, is not effec- 
tive, despite the efforts of the Asian rickets 
prevention campaign.| This is probably be- 
cause of underexposure to sunlight. In our 
study, however, this supplementation had as 
much effect as the season. In the short term it 
, might be easier to ensure vitamin D supple- 
mentation than alter patterns of behaviour. 


(c) Some years ago the | fortification of baby 
cereals with both iron| and vitamin D was a 


method of combined prophylaxis, but vitamin - 


D was then considerably reduced after the 
epidemic of hypercal calchemia. Should this be 
reviewed? Opinion varies on the value of iron 
fortification of cereals! While the American 
Academy of Pediatrics) commends the use of 
iron fortified cereal for prophylaxis’® the 
European Society of Pediatric Gastroentero- 
logy and Nutrition comments that ‘the addition 
of iron to cereals is not a reliable method of 
enriching the diet with iron.” 







compared. In the meantime,| however, we suspect 
that option (a)}—that is, the continued use of an 
infant formula or a follow up milk—is likely to be 
the most effective, and this is what we advise 
individual mothers. There is vidence of good iron 
absorption from iron and vi C fortified infant 
formulas. Vitamin D concentrations and plasma 
ferritin activities are rarely low in infants receiving 
such formulas.” 
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Treatment with iron increases weight gain and 


psychomotor development 


M A AUKETT,. Y A PARKS, P H SCOTT, AND B A WHARTON 


Sorrento Maternity Hospital, Birmingham 


SUMMARY Previous work at this hospital and elsewhere has shown that anaemia in toddlers is 
ccmmon and is associated with psychomotor delay. It seemed unclear, however, whether this 
association was cause and effect or merely due to the same underprivileged environment. A 
double blind randomised intervention study was, therefore, performed. After an initial 
assessment 97 children with anaemia (haemoglobin 8-11 g/dl) aged 17-19 months received either 
iron and vitamin C or vitamin C only (control group) for two months and were then reassessed. 
The children who received the iron had an increased rate of weight gain and more of them 
achieved the expected rate of development. While iron deficiency anaemia is unlikely to be the 
only factor in the slower development of children living in underprivileged circumstances, it can 


at least be easily identified and treated. Routine child health surveillance in such areas should. 


include a haemoglobin determination. 


Tke impact of protein energy malnutrition on 
incellectual development in developing countries has 
been extensively investigated.' In the developed 
world protein energy malnutrition is uncommon but 
iron deficiency is widespread.* 

The relation between anaemia and cognitive 
development has been studied. Work in animals 
suggested that iron deficiency anaemia may ad- 
versely affect cognitive development and behaviour,” 
and studies in adults,* older children, and young 
adolescents” also showed an effect on behaviour and 
performance. Recent interest has been in preschool 
children. In 1973 a study of 230 children aged 4-5 
years in New Orleans found that anaemia was 
associated with lower scores on testing of intelli- 
gence quotients.° Another study of 68 babies aged 
6-24 months in Guatemala showed infants with 
anaemia to have substantial developmental deficits 
compared with their normal peers.’ Similarly, in a 
g-oup of children born in this hospital and seen 
azain in their ‘toddler’ years (around 20 months) 
iron deficiency anaemia was very common and again 
was apparently associated with slower development.® 
It is not clear, however, whether the iron deficiency 
causes the delay or merely the two are associated 
evidence of an underprivileged environment. 

Previous work on the use of iron supplements has 
yielded conflicting evidence. Some studies have 
saown an improvement in development using oral 
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treatment with iron,’ others have not.’ Intramuscu- . 


lar treatment with iron may work,’ but the suitabil- 
ity of giving iron in this way to toddlers can be 
questioned. Evaluation of these studies is difficult 
because of the wide age range of children 
included,’ ™ small sample numbers,’ *" differing 
control groups,™™ and differences in the definition 
of iron deficiency: Also as they all used short term 
treatment (seven to 15 days) the differences shown 
may have just related to short term behaviour 
changes. 

This study was, therefore, designed to determine 
the effect of psychomotor development of giving 
oral treatment with iron for two months to tbddlers 
with anaemia living in an inner city underprivileged 
environment. 


Patients and methods | 


Recruitment of patients. The parents of every child 
aged 17-19 months living in the catchment area of 
four child health clinics in central Birmingham were 
sent an invitation to attend for routine surveillance, 


including a haemoglobin estimation; 470 children . 


- =- s 


attended. The normal clinic procedures—that is, . 
assessment of growth and development and physical 


examination—were carried out as usual by the 
community child health service staff. In addition, 
capillary blood for estimation of haemoglobin was 


| 
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taken by one of two project nurses. Distribution of 
haemoglobin concentration in children attending the 
child health clinics is shown i in Figure 1. The World 
Health Organisation has proposed that a haemoglo- 
bin concentration of less than 11 g/dl may be used to 
identify anaemia in children between the ages of 6 
months and 6 years. 12 Thus [26% of the children 
screened were ‘anaemic’ using this criterion. Fight 
(2%) of the Asian children were severely anaemic 
(haemoglobin <8 g/dl). They were investigated and 
treated immediately. They all had simple tron 
deficiency anaemia. A further 25% of the Asian 
children and 18% of the others (almost all Euro- 
pean) had a haemoglobin concentration between 8 
and 11 g/dl, and these were recruited to the study. 





Investigation and treatment (plan. (Fig. 2) The 
children with a haemoglobin concentration of 8-11 
g/dl were invited to an anaemia clinic at our 
hospital. Informed and written consent to the study 
was obtained and the patent’, general practitioner 
informed. The tonowing pr 

out. | 


ures were carried 


130 WUT) 





C Asian 
WE Others 
110 


No of children 


7 8 9 11 
Higemogiobin (gl 


12 3 4 15 


Fig.1 Distribution of haemoglobin concentraticn in 470 
children aged 17-19 months attending four child nealth 
clinics in inner Birmingham. Children within the hatched 


area were subsequently enrolled in the intervention study. 


Social, family, and medical history 

This was taken by the project nurses and interpreter 
as necessary and checked by one of us (AA or YP) 
using a standard form—for example, ethnic group, 
mother’s education, housing, etc. 


Growth 

Growth measurements were made by the project 
nurses. Weight was taken with the child naked on a 
lever balance; length using a Harpenden Stadio- 
meter; and head circumference by paper tape. 


Haematological 

One millilitre of capillary blood was taken for 
measurement of haemoglobin and red blood cell 
indices, haemoglobin electrophoresis, plasma iron 
concentration, which was measured colorimetrically 
using the Guanidine/Ferrozine method (J T Baker, 
Deventer, Holland),” transferrin, measured on a 
Baker Encore centrifugal analyser using anti- 
human transferrin (Hoecht UK Ltd, Hounslow, 
Middlesex) and calibrated with human transferrin 
(Boehringer Mannheim, West Germany), and ferritin 
estimation (Enzyme immunoassay, Hybritch Europe 
SA, Liege, Belgium). 


Psychomotor development 

The children were tested by one of us (AA or YP) 
with 24 items taken from the Denver developmental 
screening test'* appropriate for the age group 
studied. The items were presented in the standar- 
dised manner required by the test using the standard 
proforma and materials. 5 The number of items that 
the child achieved was counted, up to a maximum 
possible of 24. 

The age at which 25, 50, 75, and 90% of children 
will pass: has been determined for each item.! 
Children who are average in every respect—that is, 
on the 50th percentile—would achieve 13 items at 18 
months and 19 items at 20 months—that is, in the 
normal course of development they would achieve 
six more of the psychomotor skills tested during the 
two months of the study. A similar difference is seen 
between 19 months and 21 months—that is, six extra 
skills. The Denver developmental screening test was 
chosen as the basis for psychomotor assessment 
because of its suitability for the age group tested, 
ease of administration by a non-psychologist, good 
test-retest reliability, and reliability among examin- 
ers. It has been validated against the Bayley scales 
of infant development and the Stanford-Binet and 
has been standardised for use in multiracial 
communities.’* 1$ 7 As 90% of the children with 
anaemia were Asian and for many the first language 
of both mother and child was not English ‘an 
interpreter attached to the project was used as an 


Da 
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470 children 


seen at child health clinic. 
Blood for haemoglobin determination taken by project nurse 


Haemoglobin result 










Haemoglobin <8 Haemoglobin > 11 


116 


Investigated, treated, No further action. 


anc excluded from the Clinic notified of result: 
study 
(Heemoglobin=11, 10-9) 

| 


Attended anaemia clinic i 


Lead poisoning suspected 
and confirmed 


Already known to have 

110 

handicapping problems 

(blind, hereditary neuropathy, 
cerebral pa 


Received treatment 
with iron 
Vitamin C 10 mg daily 
for two months 


Haemoglobin 8-11 






Iron 24 mg 
+vitamin C 
10 mg daily 
for two months 


Did not 
attend* 


Did not 
attendt 


Reattended and appear 49 
in analysis 


Placebo group treated with iron after study finished | 


*One moved away, one refused medicine because of diarrhoea, one withdrew consent to remain in the study, and three failed to attend for 
second assessment despite chasing. 
tFive moved out of Birmingham, one received iron medication from elsewhere, and one failed to attend for second assessment despite 


Characteristics of these two groups were similar to each other and to the group who reattended. 
Fig.2 Investigation and treatment protocol of the study. 
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aid to the examiners in all developmental assess- 
ments. 


Treatment 
The children with anaemia |then received either 
iron 24 mg (as ferrous a pee plus vitamin C 10 
mg daily or vitamin C 10 mg alone daily. Allocation 
was double blind using consecutively numbered 
bottles (the code was only known to the hospital 
pharmacist). Both supplements were in the form of 
a palatable mixture, which looked identical. One 
month’s supply was given at the anaemia clinic. The 
project nurses visited every|child at two weekly 
intervals to encourage compliance and to take a 
further supply of the supplement at the end of one 
month 

After two months (eight|to nine weeks) the 
children reattended and were reassessed as above. 
No result of any investigation from the first anaemia 
clinic was available until after the two month 
assessment was completed. A number of children in 
both groups had to be ‘chased’ to reattend for the 
second appointment; 15 of the treated and 17 of the 
placebo group were seen aften the two month period 
(mean 75 and 76 days, ely). As far as we are 
aware the only variable in the|way the children were 
handled was whether the supplement given con- 
tained iron or not, and this| variation was double 
blind. 





Patients studied. (Table 1) The social and anthro- 
pometric details of the two groups of children who 
completed the intervention trial were similar, 
although despite randomisation the mean age of the 
treated group was 0-5 OD below the untreated 
group (mean (SD): 17-9 OD months v 18-4 (0-8) 
months, p<0-01). On average the children were 


slightly lighter and shorter the United States 
reference standard.’ 


Analysis of results. The measurement of outcome— 
that is, improvement in haematology and weight 
velocity and extra skills achieved—were for the 
purpose of analysis firstly regarded as continuous 
variables, which were compared in the groups using 
the ¢ test for significance. [Then the number of 
children achieving various indices of normality were 
examined—for example, haemoglobin +11 g/dl, 
weight gain Ho g/dl, and| extra skills learned 
+6—using the y? test with [Yates’s correction for 
significance. For each of these measurements of 
outcome the results were analysed as a ‘pragmatic’ 
clinical trial/*—that is, one designed to determine 
whether an iron supplement ena to toddlers with 


anaemia enhanced the acq  effere of psychomotor 
skills. For this purpose the children who completed 


Table 1 Characteristics of the 98 children entered in the 
study (Mean (SD)) 


Feature Group 
Iron plus Vitamin C 
vitamin C r only 
Social factors 
48 4 
Sex (M:F) 27:21 220 
Ethnic group: 
Asian 42 43 
European 2 4 
African 2 2 
Other i 
Maternal 27-3 (5-9) 27-2 (49) 
No of sibe 2-4 (2-1) 2-4 (1-5) 
Years in United Kingdom: 
Al 9-4 (7-8) 10-5 (7-6) 
Asians only 75 6-3 8-5 (5-4) 
Grade of edocational class:* 
if) 0:25 0:19 
1 1:7 1:3: 
2 2:13 2:15 
3 3:2 3:5 
4 41 43 
5 5:0 5:4 
Occupants per roomt 1:3 (0-5) 1-3 (0-4) 
Important birth histary$ 3 
Important previous medical history$ 7 6 
Age at first test (months) 17-9 (0-7) 18-4 (0-8) 
at first visit 
81-2 (2-6) 820 (3-2) 
W 11-0 (1:4) 10-9 (1-3) 
Head circumference (em) 47-4 (1-4) 47-2 (1-8) 
Standard, deviation scored 
Weight —0-14 (1-24) ~O-28 (0-98) 
Height i —0-14 (0-87) +0-02 (0-87) 
Weight for height —0-02 (1-41) —0-27 (1-10) 
*Gradex: O=no education; ee ee ee ee 
incloding secondary education; 3—sixth form; 4=vocational training; 5=<college. 


+> 1-5=Overcrowded, 

For example, caesarean section for breech in special care baby unit for two 
days, preterm. , 

$For example, dextrocardia and chest infection, giardiasis, detached retina, 
diarrhoea, and 

{Using NICHS standards. 


the assessment protocol] were divided into two 
treatment groups—those offered iron and those 
offered placebo—and the results compared. The 
results were also analysed as an ‘explanatory’ 
clinical trial’? to test the hypothesis, ‘Does a 
significant rise in haemoglobin (as indicated by a rise 
of at least 2 g/dl) enhance the acquisition of 
psychomotor skills in children with anaemia?’ For 
this purpose, the children who completed the 
protocol were divided into two haemoglobin 
groups—those in whom the haemoglobin concen- 
tration rose by at least 2 g/dl and those in whom it 
did not—and the results compared. 


Results 


Effect of treatment on haematological measure- 
ments. (Table 2) As was expected the haemoglobin 


po: 


p 
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Tæle 2 Haematological values before and after treatment (Mean (SD}) 


Group 


Iron plus vitamin C (n=48) 


Before 
Ha moglobin (g/dl) 9-9 (0-9) 
No <11 48 
M= corpuscular volume (ff) 61:9 (7-1) 
Ne <70 
Mean corpuscular haemoglobin (pg) 19-8 (2-8) 
Ne <24 
Seram iron (pmo) 8-3 (4:3) 
Ne <9 3 
Tensferrin saturation (%) 69 (4-8) 
Ne <15 40/43 
Feritin (ng/n!) 8-7 (4-3) 
Ne <7 


Vitamin C only (n=49) 


After Before After 
12-1 (1-0) 10-1 (0-8) 10-4 (1-3) 
6 49 33 
67-6 (6-2) 61-0 (6-7) 61-5 (7-0) 
30 45 4 
A (2-6) 19-6 (2-6) 19-7 (3-9) 
re 8-7 (3-9) be ae 
13-5 (9-8) 7-6 (5-9) 6-9 (5-0) 
43 42/47 42/47 
12-9 (7:2) 77 (3-9) 7-7 (4-4) 
UAZ 24/47 2/47 


Crt off points are the usual accepted lower limits of normal for this age group.” 20-2 


corcentration rose in the group receiving iron and 
tke indices of iron deficiency all improved. 


EXect of treatment on weight velocity. (Fig. 3) The 
rete of weight gain in the children who received iron 
wÆ greater than in those who did not (p<0-001 by 
t test). Regarding individual results, whereas 75% of 
tke treated group increased their weight by 7 g per 
day or more (the derived 50th centile), only 48% of 
tte untreated group did so (p<0-001 by y? test). 
The rate of weight gain in the children whose 


Treatment 
Iron + vitamin C Vitamin C only 
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Weight gain (g/day) 
@ spain lijm ee e. © é # 
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haemoglobin concentration rose by at least 2 g/dl 
was greater than in those whose haemoglobin did 
not (p~0-05 by t test). Of those whose haemoglobin 
concentration rose by at least 2 g/dl, 72% increased 
their weight by 7 g or more, but so did 56% of those 
whose haemoglobin concentration did not rise more 
than 2 g/dl (not significant). 


Effect of treatment on psychomotor development. 
(Fig. 4) Group results were analysed first. The 
mean increase in psychomotor skills in the children 


Haemoglobin rise (g/dl) 
#29 


<29 


[a 


97th 
50th 
z |, 
Te Jrd 
0o00 
oo 
o 
D 
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Fiz 3 Weight velocity according to treatment group and change in haemoglobin concentration. Centile numbers are 
based on whole year weight velocity standards for boys aged 1-5 years.” 
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and haemoglobin concentration. ‘expected rate’ of 
development (shown by vertical broken line) is based on the 
50 centiles at 18 and 20 months (see text). 





who received iron was not significantly greater than 
in those who did not (mean (SD) increase: 4-0 (2-6) 
v 3-2 (2-3) skills) nor was |it in those whose 
haemoglobin rose by at least 2 g/dl compared with 
those whose haemoglobin did |not (4-3 (2-7) v 3-4 
(2-4) skills). 

Individual results were then) inspected. Figure 4 
shows the changes in haemoglobin concentration 
and the increase in number of items passed between 
assessments. 

Overall, there was only a weak relation between 
the two (Spearman regressien coefficient 0-18, 
p=0-08). Two distinct effects, however, were seen. 
The average child staying on the 50th centile 
between 18 and 20 months would acquire six more 
skills (see Methods). This average rate of develop- 
ment was achieved by 15 of the treated children 
(31%) but only six of the 49 (12%) in the placebo 
group (p<0-05 by y? test).| Alternatively, this 
average rate of development achieved by 10 of 
the 27 (37%) children whose haemoglobin concen- 
tration rose at least 2 g/dl but only 11 out of 70 
(16%) whose concentration rose by less than 2 g/dl 
(p<0-05). 

Combining these two points then, ‘effective treat- 
ment’ could be defined as ‘received treatment with 
iron and haemoglobin rose by less than 2 g/dl’. The 
average rate of development was achieved by 10 of 
the 24 (42%) effectively treated children but by only 
six out of 47 (13%) of those who had not received 
effective treatment (neither received iron nor whose 
haemoglobin rose by more than 2 g/dl) (p<0-02). 


Nevertheless, it will be noted that 14 children 
failed to acquire six more skills even though they 
had received iron and their haemoglobin had risen 
by more than 2 g/dl. 


Discussion 


In this study toddlers with anaemia who received 
treatment with iron for two months when compared 
with a control group with anaemia who did not 
receive treatment with iron were different in two 
respects. They had a faster weight velocity and more 
of them achieved the expected increase in psycho- 
motor skills. 


Weight velocity. Weight velocity over the two month 
period was significantly greater in the treated group 
than in the control group. Increase in weight 
velocity during treatment with iron has been shown 
before both when treating toddlers with anaemia 
successfully“? and when giving prophylactic iron 
supplements to normal boys.” This increase is seen 
in infants who are normal weight as well as those 
who are underweight at the time. 

This finding may relate to the correction of the 
anorexia and listlessness reported as associated with- 
iron deficiency anaemia in children,” but the effects 
of iron deficiency are protean.” 


Psychomotor development. Our methods and.results 
are compared with previous studies in Table 3. This 
study was based on a narrow, well defined age group 
and used a fairly long period of treatment with iron. 

Before the study we were sceptical that iron 
deficiency had an independent effect on develop- 
mental delay. We suspected that the iron deficiency 
and poor development were merely effects of the 
same deprived environment, many aspects of which 
could contribute both to iron deficiency anaemia 
and to delayed development. Similar views had been 
expressed by Werkman et al.” This, however, does 
not seem to be so. This intervention study suggests 
that there is indeed a direct relation between iron 
deficiency and delayed psychomotor development. 

The differences between the treated and un- 
treated groups and the below or above 2 g/dl rise in 
haemoglobin groups were clearest when the ‘ex- 
pected’ achievement of six extra skills was in effect 
counted as ‘success’ or ‘failure’ of intervention. We 
suspect this indicates a ‘threshold’ effect; once 
treatment with iron has an effect the acquisition of 
extra skill proceeds rapidly. 

A large number (5-30%) of young children. have 
been found to be anaemic in various surveys,” ? 7-32 
and many more may be iron deficient (21- 

55%).* 2-2 Two studies have indicated that iron 


Treatment with iron increases weight gain and psychomotor development 855 


(100-0>4) 
dno juapgep VO- 
pawan JO KOZ 4 nuod 

om w Qt prany drow 
upp GOT PIWAN jO KL 
sazos ÁojÁsg 

(uenxop uan) 
au os uan mpmomuwenu 


aange (R) se puou AT 


i 
(wenxep uan) 
3w gg uon Iepnsmunony] 
(rempo paw a mon 


wanyəp uon gt (9) 
paspdəp coq ot (q) 
ruou gr (») 


“remomdsoo meow see A (a) 
SAT S *SUMIOA 

semnosndioo ups pwo (t) 
paw pA 11 < uyqofsowsery 


ne 39 FO 


dnos ywomysp 

Ou] Bwotue-uou pswed) 
uy oump ON “s[onIOD 
paman m suey on 


specs Aahng 


Aup PAu p oon mo 


Áuapgəp uor 
‘MUIQwIE-UOU CT 
Aupyop WO] IUE 1] 


PA i< aqosourseyy (q) aaa 


$189) popoq 
fetsOUGE om) pus 
PZ 11> mqojowseH (v) 


E0 M 


HONTO JO WEZ 4 


TENxXƏp UON TEJNIMUIWINUI 


kxmapgəp uo suae ZT] 


TA so> mqolouwasH 


m o™0H PED YEO 


sdnoig (100 10 pawon) 
aworge-uou JO opuorug 


IUO SHITE, 
NHIBUB-UOU IZ 
nuopyəp uon ‘puonne Ç] 


8-9 


Joum, snd Syw g 
aego MOLI} eQ 


MULSTTR-BOU 6] 
Amppyop UA ‘russe Cy 


¥0-9 


PA ¢-O1> waoFouswpy] 


je» fore] 


JO %91 4 OF pp g< 
a01 mqoouosy asoga 
‘osom Jo %LE *(s0-0>4) 


uapmp powon % 1E 
Iana 


Apap 3m of 3 muwa 
WIADYyIp wo 
‘auoe ote Gr 


9 


D wunnjA+2m pz uon MIO 


AWsoyep uarn “AMISwIE gr 


6T-L} 


PA 11-8 uqoowəsH 
Apnts sy] 


ONTOS A PHEN eso y 
383} igjowogusg 


(Aue 4) 1U9UT BOLL 


ON 
dnos8 puo 
(sirp) popad yusimeary 


ABPAUSUTIRALT 


ON 
dnoi3 paras] 
(mpucw) dnt oy 


Apnys inus o 
AywIOUGE JO DOLMED 


sapnis pajiodas snotaaad yna pms sty; fo uosundwo7y ‘juaudojaaap uo uon fo pajfa € AQL 


i 


856 Aukett, Parks, Scott, and Wharton 


deficiency may affect development even before the 
children become anaemic (haemoglobin <11 g/dl)” |! 
Long term iron deficiency may, therefore, have 
major effects on learning and scholastic performance, 
and studies in school age children seem to support 
this.’ ** There is, therefore, mounting evidence and 
concern”” that iron deficiency anaemia can produce 
delayed development in children, and there has 
been some suggestion that this is not readily 
reversible.” Nevertheless, in our study there was 
overall only a weak relation between rise in haemo- 
globin concentration and improved development. 
Furthermore, a number of children failed to show a 
satisfactory improvement in development despite a 
definite rise in their haemoglobin concentration. So 
it is very unlikely that iron deficiency is the only 
culprit in the slower development of underprivileged 
children. 


Implications for the child health services. While iron 
deficiency anaemia is not the only factor in the 
slower development of children living in under- 
privileged circumstances, it is one that at least can 
be easily identified and treated. The implications for 
the child health services are important. In our 
opinion a programme is needed to hunt out and 
treat iron deficiency in toddlers. The current child 
health services do not achieve this, although the 
incorporation of a haemoglobin screening test into 
the child health surveillance programme would not 
be difficult. The logistics of providing a few penny- 
worth of iron against those of repairing social 
disadvantage do not bear comparison. 


Haemotological investigations were performed in the Haematology 
Department. Selly Oak Hospital (Dr E Ball and Dr J Murray). 
Carol Benson, Helen Macaulay, and Julic Reeves were the project 
nurses and Rahat Karim acted as interpreter. Figures were 
produced by the Medical Hlustration Department, Birmingham 
Children’s Hospital. We thank all of them and Mrs P Cox for 
secretarial help and also wish to acknowledge the help and 
cooperation of the staff at the Balsall Heath, Greet, Small Heath, 
and Farm Road Child Health Clinics. 
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Twenty five years ago 
The reproductive histories of mothers of patients suffering from congenital diplegia 
T T S Ingram and Elspeth M Russell (Edinburgh)—Arch Dis Child 1961;36:34-41 


“Twe hundred mothers with children suffering from congenital diplegia were studied, 117 boys and 83 girls, and 20 were 
one of twins. Thier ages ranged from 13 months to 30 years, and they tended to be preselected by social class, intelligence 
ane probably other characteristics, with an excess of patients in social classes I and IT.’ 

‘bis and a previous series were assessed. ‘The reproductive histories of the mothers of diplegic patients in the two series 
wee examined. The mothers were older when they married and more were over 30 years of age when they gave birth to 
dipegic children than expected. They had fewer conceptions than married child-bearing women in the population of 
Scotland and their pregnancies were more widely spread. A high proportion of their pregnancies aborted or were 
oth2rwise abnormal. Many of their offspring were stillborn, died in infancy or showed neurological or other defects if they 
surv?ved. Less than half the conceptions resulted in the birth of healthy offspring who survived the first year of life. There 
tended to be periods of relatively decreased fertility immediately before and after the birth of patients. Pregnancies 
contiguous to those resulting in the birth of diplegic children were more often abnormal than those which were more 
remote. 

“he findings support the thesis that mothers of diplegic patients may have underlying abnormalities of reproductive 
capacity which may be responsible for both disorders of pregnancy, labour and delivery, and for the production of 
abnormal offspring. The causes are obscure but maternal age may be a factor, as may chronic illness (diabetes, 
thysetoxicosis and gynaecological disorders) affecting one-fifth of these mothers. Male reproductive function and 
mussting or recessive genes also have to be considered.’ 





(Dr Tom Ingram was one of the first paediatricians to devote a large part of his time and energies to research in the field 
of cerebral palsy. Apart from helping to develop an excellent service for children with cerebral palsy in Edinburgh he 
conributed much to the epidemiology, aetiology, and treatment of these children. NEIL GORDON.) 
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Immature sound localisation and abnormal 
development 
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localisation of a sound ulus would be more likely to have appreciable neurodevelopmental 
dysfunction. The cohort comprised 112 infants, 66 of whom were classified as ‘high risk’. Every 
infant underwent a neurological and developmental assessment, a sound localisation response 
test, and an audiological examination when necessary. The first examination was performed at 
age 8-9 months and was repeated between six and eight months later. It was found that if the 
sound localisation response was mature at the first examination normal development could be 
anticipated at the second examination. If an immature sound localisation response was shown 
then considerable dysfunction could be anticipated in about half of the infants. It is suggested that 
_ special attention be paid to the maturity of the sound localisation response in infants during 
auditory screening procedures, and an immature response should alert the examiner to the 


SUMMARY This sound stu tested the hypothesis that high risk infants showing immaturity in 


possibility of appreciable} abnormality in development. 


Preterm infants often show developmental delay or 
dysfunction during early life. Many of these infants 
have normal potential and will subsequently. catch 
up their peers. A propo on, however, remain 
delayed and will later est signs of mental 
retardation or cerebral palsy, or both.’ With the 
advent of sophisticated, modern techniques of peri- 
natal care, many more preterm infants are being 
saved, and the clinician is faced with the dilemma of 
diagnosing important psychomotor development 
problems requiring early intervention.” Any proce- 
dure that might aid the correct early identification of 
these high risk infants would therefore be of 
considerable value. 

The sound localisation response seemed an 
appropriate area of investigation when a number of 
infants were referred to our child development 
centre by an audiologist with the comment that the 
infants’ hearing was normal but that their ability to 
localise the source of a sound stimulus was not 
appropriate for their age. On developmental assess- 
ment a high proportion of these infants were found 
to have important neurodevelopmental dysfunction 
requiring intervention. 

Various authors have described a developmental 
sequence of auditory localisation. 3 4 On this basis, a 
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study was planned wherein a mixed sample of 
infants, comprising a high risk group and a low risk 
group, underwent a test for sound localisation 
response. The results were correlated with their 
developmental attainments at that time and six 
months later. It was hypothesised that those infants 
who showed an immature sound localising response 
would be more likely to have appreciable abnormal 
development subsequently. 


Patients and methods 


One hundred and twenty two infants between the 
ages of 8 and 9 months, attending well baby clinics, 
were selected by a clinic nurse (who was not 
participating in the study and was not aware of the 
developmental state of the infants). Of these, 66 
were classified as high risk by virtue of having been 
exposed to gestational or perinatal events known to 
be potentially damaging to the central nervous 
system (Table 1). The remaining 56 infants, who had 
not been subjected to known risk factors, comprised 
the low risk group. The two groups were similar with 
regard to ethnic origin and socioeconomic state of 
the father. The examiners participating in the study 
were unaware of the classification of the infants. 


ik 


| 
Table 1 Distribution of risk factors among the high risk 
group 


Full term Premature infants 
infants 
(n=15) > 1500-g <1500 g 
(n= 43) (n=4) 
Fetal distress 4 2 
Meonium aspiration 2 
Asphyxia 8 7 2 
Small for dates 6 8 
Respiratory distress syndrome 2 14 3 
Jaundice 18 3 
Apaoeic episodes 7 1 
Pat=nt ductus arteriosus 3 1 
Hyazoglycacmia 2 17 
Cor.vulston 2 
Sepals 2 2 1 


Tte developmental assessment of the preterm in- 
famts was corrected for gestational age. The study 
wes divided into two stages, initial examination and 
follow up. 

Initial examination comprised the Bayley scale of 
infant development,’ including mental develop- 
mental index and psychomotor developmental index, 
the Stycar hearing screening test,° and sound 
localisation response test. The mental and psycho- 
motor developmental indexes provide an objective 
assessment of mental and psychomotor development 
an-] have a low degree of observer bias; they were 
reported separately to provide a more reliable 
profile of developmental skills. 

-n the hearing tests the infant was placed on the 
mother’s lap opposite an observer. The examiner, 
stztioned one metre from the infant and outside his 
ramge of peripheral vision, produced sound stimuli 
of various frequencies, at and 45° below and above 
ear level. The infant’s response was recorded as 
normal if, at 8 months, he was able to look directly 
at zhe sound source below ear level or in an arc when 
the stimulus was above ear level. 

Any infant who showed an immature sound 
localisation response was referred for complete 
autiologic evaluation, including brain evoked re- 
sponse audiometry. 

The cohort was re-examined between six and 
eight months later. All babies again underwent the 
Bayley developmental assessment? as well as com- 
plete physical and neurological examination. 

Any health or developmental problems occurring 
ov2r this period were treated according to the 
routine procedure operative at the time in the clinic. 


Results 


Of the 122 originally recruited subjects, 112 (92%) 
completed the study. Of the 10 who dropped out of 
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the study, four belonged to the high risk and six to 
the low risk group (Table 2). They all failed to 
complete the second stage of the study. The sound 
localisation response was normal in all 10 of these 
children, and their developmental quotient was 
similar to the cohort group. 

An immature sound localisation response was 
shown by 12 infants, 10 (16%) of whom were from 
the high risk and two (4%) from the low risk group. 
This figure was significant only at the level of p<0-1 
(by x? analysis) but probably indicates a trend. 

Significantly lower mental and psychomotor de- 
velopmental indexes were found in subjects with an 
immature response when compared with those with 
a mature response. These differences were already 
evident at the age of 8-9 months and became more 
pronounced by the age of 14-15 months (Table 3). 

In Tables 4 and 5 the scores of the mental and 
psychomotor developmental indexes of the total 
cohort are analysed with reference to the type of 
sound localisation response. Mean scores for the low 
risk group minus 2 standard deviations were used as 
the cut off point for normal developmental perform- 
ance (mental and psychomotor developmental in- 
dexes <76 and <73-5, respectively). This analysis 
showed a significantly lower performance in the 


Table 2 Cohort tested for sound localisation response 


Group Total 
— cohort 
High risk Lowrisk  (n=122) 
(n=66) (n=56) 
Sex (M:F) 37:29 33:23 70:52 
Initial examination (months/days): 
Age range US1014 V15-1019 
Mean age 8/21 l 8/21 
Follow up examination (months/days): 
Age range 130-1817  13/4-18/11 
Mean age 15/10 15/26 15/18 
Dropouts 4 6 10 
Compkted study (No (%)) 62 (94) 50 (89) 112 (91) 
Mature:immature sound localisation 
response (No (%)) 52:10 (16) 54:2 (4) 106:12 (11) 


Table 3 Relation between developmental quotient 
(mean (SD)) and maturity of sound localisation response 


Developmental Sound locatisation response t Value p Value 
index — A 
Immature Mature 
At 9 months: 
Mental 84-2 (26-0) 101-7 (12-6) 3-743 <0-0005 
Psychomotor 66°5 (16-9) 89-0 (14-8) 4-980 <0-0005 
At 15 months: 
Mental 72-4 (20-4) 99-1 (11-8) 6-605 <0-0005 
Psychomotor 68-2 (14-0) 94-1 (12-6) 6:559 <0-0005 
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group with an immature response. The sensitivity 
for the mental and penne! developmental 
indexes was 58% and 50%, respectively, while the 
specificity was 95% and 94%, respectively. Positive 
predictive value was 58% and 50% and negative 
predictive value 95% and 94%, respectively. Total 
accuracy was 90%. 

Ten of the 12 infants in the group with an 
immature response were premature and suffered 
from additional risk factors. No specific combina- 
tion of potentially damaging events could be impli- 
cated (Table 1). No hearing defect was found in the 
infants with an immature sound localisation re- 
sponse. 

Table 6 shows that, irrespective of risk category, it 
was in fact the maturity of the sound localisation 
response that was associated with the performance 


Table 4 Screening value of sound localisation response 
test for mental developmental index 





Sound Developmental quotient Total 
localisation Be et ele Reet, 

response <76 > 7A 

immature 7 3 ie 
Mature 4 95 100 
Total 12 100 iE 
Sensitivity 58%; specificity 95%. pasitive predictive value S8, negative 


predictive value 95%; total accuracy Y17o, grs 1630, p<c-O00S. 


Table 5 Screening value of sound localisation response test 
for psychomotor developmental index 

Sound Developmental quotient Total 
lovalisaltat -aa a a a A GRES 

PESPOHSE <i Peed ye Fig 

immature 6 is p2 
Mature f O4 100 
Total 12 100 iz 
Sensitivity 50%; specificity 94%. positive predictive value 50%. negative 


predictive value 94%, total accuracy OMG. y = 17-32. paiho. 


Table 6 
category. Values are mean (SD) 


Developmental Sound localisation response 


i n é t EX Re ee E ES T R A A 
Mature t Value 
Low risk group High risk group 
{n= 45) fa=32} 

Mental 98-9 CLES} OR-9 (12-0) NS 

Psychomotor YO-4 (11-33 QE-7 (13-7) 82 


NS =not significant, 
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on the Bayley test. Despite the difference in 
the score of psychomotor developmental index 
(p<0-05) between those with a mature response in 
favour of the low risk group, when maturity of the 
sound localisation response was considered this 
disparity became much more significant (p<0-0005). 


Discussion 


Auditory screening programmes in infancy are being 
used increasingly for the early detection of hearing 
defects in infants. The purpose of this study was to 
determine whether the incorporation of an assess- 
ment of the infant’s ability to localise a sound source 
might provide information on his neurodevelop- 
mental state. 

In an attempt to address this question a simply 
performed assessment of the infant’s ability to 
localise the origin of a sound source was evaluated 
by comparing the maturity of the response of his 
developmental performance at the time and again 
six to eight months later. While other studies have 
shown an association between an immature sound 
localisation response and subsequent language delay 
at age 36 months,’ * our study showed the correla- 
tion between sound localisation response and subse- 
quent development at an earlier age. 

Analysis of the validity of the sound localisation 
response indicated that if this was mature at the age 
of 8&-9 months then the clinician could reliably 
predict normal development six months later. An 
immature response, however, was associated with 
significantly delayed mental and psychomotor de- 
velopmental indexes in 58% and 56% of subjects, 
respectively, thus yielding a large number of false 
positives. 

Our study group comprised 54% high risk infants. 
This might resemble the situation seen in neonatal 
special care follow up clinics, and the positive 
predictive value of the sound localisation response 
test would therefore be similar to our findings. The 
well baby clinic population is, however, a different 
one, and it might be assumed that the pretest 


Analysis of the relation between maturity of sound localisation response, developmental quotient, and risk 








p Vatu Immature t Value p Value 
{n= 12} 
NS 70-5 (20-4) 6-46 <HA 


68-2 (14-0) 7-27 0-005 
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likelihood of developmental delay would be +5%. 
The positive predictive value would, therefore, 
dezrease to 38% and the negative predictive value 
wculd increase to 98%. Even in this situation it is 
ev:dent that the sound localisation response test 
wculd be of definite value to the clinician. 

We therefore confirm that the sound localisation 
response can be of value in providing information on 
the developmental state of the infant. The proce- 
dure is easy to learn and takes no longer than three 
to four minutes to perform. We recommend that it 
be: incorporated into routine infant follow up ex- 
aminations as well as any screening programmes. 
Medical or paramedical staff should also find this 
developmental milestone useful in evaluating in- 
famts, especially high risk premature infants or those 
wih questionable development, a normal sound 
localisation response being associated with a favour- 
able outlook. It is to be emphasised that evaluation 
of the sound localisation response is not a short cut 
to- providing a developmental diagnosis but can help 
in the early selection of those infants at greater risk 


` foz appreciable neurodevelopmental dysfunction. 
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SUMMARY The effect of hypothyroxinaemia on postnatal progression of the motor nerve 
conduction velocity was studied in 33 very low birthweight infants. 

Serum concentrations of thyroid stimulating hormone, triiodothyronine, and thyroxine were 
determined at birth and at ages 3, 7, and 21 days. Nerve conduction velocity was measured in the 
first week of life, on day 21, and at 40 weeks’ postmenstrual age. 

Seven infants maintained their thyroxine concentration above 60 nmol/l (4-67 ug/100 ml) 
throughout the study. Three of these infants needed mechanical ventilation and one had an 
intraventricular haemorrhage. Twenty six infants developed hypothyroxinaemia (thyroxine <60 
nmol/l). The nerve conduction velocity was delayed in 13 infants, two on day 21 and 11 at 40 
weeks’ postmenstrual age. The delay was equivalent to 1-9-4-4 weeks. All these infants belonged 
to the group with depressed thyroxine concentrations. The delay in progression in nerve 
conduction velocity was associated with prolonged hypothyroxinaemia, especially in those infants 
who also required ventilation. 

Further studies are in progress to study the effect of thyroid hormone on the nerve conduction 


velocity in preterm infants. 


Low thyroxine concentrations are well documented 
in preterm infants, especially those who are less 
mature or have respiratory distress syndrome.' * A 
combination of low thyroxine concentrations with 
raised thyroid stimulating hormone concentrations 
has been reported in only one study and was due toa 
relative iodine deficiency.’ In all other reports low 
thyroxine concentrations have been associated with 
either normal or low thyroid stimulating hormone 
concentrations. It has therefore been assumed that 
low thyroxine concentrations are an expression 
either of immaturity or of a disturbance of the 
hypothalamic-pituitary-thyroid axis.’ Whether the 
disturbance is secondary to, or associated with, 
abnormal cerebral metabolism in association with 
the periventricular-intraventricular haemorrhage to 
which these infants are prone has so far not been 
documented.° 

Low thyroxine concentrations normalise spon- 
taneously over three to nine weeks.° ’ No consistent 
physiological disturbances have been noted in these 
immature infants, nor is it known whether these 
transient low thyroxine concentrations have a simi- 
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lar harmful effect on the developing nervous system, 
as noted in children with prolonged hypothyroxi- 
naemia due to congenital hypothyroidism. Delayed 
myelination has been observed in hypothyroidism, 
both in humans and animals.” Slow nerve conduc- 
tion velocity and immature visual evoked potentials 
have been reported in infants with congenital 
hypothyroidism and are believed to be an expression 
of the decreased peripheral and central myelin 
formation.” '° If the assumption can be made that 
abnormal thyroid function will also affect myelina- 
tion in the premature infant then one would expect 
to find a slower postnatal maturation of nerve 
conduction velocity in infants with low thyroxine 
concentrations compared with those with normal 
thyroid function. 

The aim of the present study was to assess 
neurological maturation as measured by nerve 
conduction velocity in premature infants with nor- 
mal and abnormal thyroid function and to find 
out whether there is any relation between 
periventricular-intraventricular haemorrhage and 
abnormal thyroid function. 
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Patients and methods 


Turty three very low birthweight infants, admitted 
te Hammersmith Hospital regional intensive care 
urit between February and September 1984, were 
enrolled in a longitudinal study. Informed parental 
cc nsent was obtained in each case. All infants had a 
gestational age of 31 weeks or less and a birth weight 
of 1500 g or less. Gestational age was obtained from 
maternal dates, early prenatal ultrasound assess- 
ments when available, and clinical assessments 
according to the criteria of Dubowitz et a/.'' Infants 
were only included if these initial examinations 
agreed to within one week. 

Serial measurements of triodothyronine, thyrox- 
ine, and thyroid stimulating hormone were taken on 
cerd blood and on venous samples on days 3, 7, and 
2... Samples were also obtained in seven children at 
48 weeks’ postmenstrual age. 





Assays. Serum triiodothyronine, thyroxine, and thy- 
reid stimulating hormone concentrations were 
measured by double antibody radioimmunoassay 
NRC, using MRC standard 68/38 for the thyroid 
samulating hormone assay. Normal ranges of 
thyroxine and triiodothyronine for adults are 
70-150 nmol/l and 1-2-8 nmol/l, respectively. The 
semples were assayed in batches and the results 
utknown until after measurement of nerve con- 
duction velocity had been performed at 40 weeks’ 
postmenstrual age. 

Nerve conduction velocity was calculated using 
combined velocities of the ulnar and posterior tibial 
nerves as described by Moosa and Dubowitz,'? using 
a Medelec MS 8 machine. This method has been 
shown to be reliable and can predict gestation with a 
standard deviation of 1-14 weeks.!? Nerve conduc- 
tion velocity was measured in the first week of life. 
on day 21, and as close as possible to 40 weeks’ 
postmenstrual age (range 39-43 weeks). 

Cranial ultrasound examinations were performed 
daily during the first week of life to diagnose and 
tme the occurrence of periventricular-intra- 
ventricular haemorrhage. An ATL mechanical 
sector scanner was used. 


Statistical analysis was determined by the Fisher's 
exact test. 


Results 


The infants were divided into two groups based on 
the thyroxine concentrations being consistently at or 
above 60 nmol/l (4-67 pg/100 ml) or below 60 nmol/l 
at any time during the study. This concentration is 
often taken as a cut off point for preterm infants in 
neonatal screening programmes.° 

Group 1 (thyroxine 260 nmol/l) consisted of 
seven infants and group 2 (thyroxine <60 nmol/l) of 
26. Clinical findings of the two groups are summa- 
rised in the Table. The mean gestational age was 
29-1 weeks (range 28-31) in group 1 and 28-6 
(26-31) in group 2. The infants in group 1 seemed 
less severely ill. Of the seven infants in group 1, two 
needed mechanical ventilation for respiratory dis- 
tress syndrome and one for retained lung fluid, 
whereas in the second group 15 of the 26 infants 
needed ventilatory help, 12 for respiratory distress 
syndrome and three for apnoeic spells of imma- 
turity. 


Thyroid function. In the seven infants who main- 
tained the thyroxine concentration above 60 nmol/l 
(group 1) a relative trough was seen on day 7, witha 
pronounced rise on day 21. Of the 26 infants who 
developed hypothyroxinaemia (thyroxine <60 
nmol/l) (group 2), 12 infants reached a trough on 
day 3 and 14 on day 7. In 18 of the 26 infants the 
thryoxine concentration was still below 60 nmol/l on 
day 21, and the mean concentration on day 21 in 
group 2 was still low (57 nmol/l (4-43 ug/100 m!)). In 
two of the seven infants, tested at 40 weeks’ 
postmenstrual age, the thyroxine concentration was 
still below 70 nmol/l (5-44 ug/100 mi). 
Triiodothyronine concentrations were found to be 
immeasurable (<0-6 nmol/l (0-04 ng/ml)) in 24 of 
our 33 infants during the first three days of life. 
Triiodothyronine concentrations were still below 0-6 
nmol/l on day 7 in 17 infants. Only one infant with a 
triiodothyronine concentration below 0-6 nmol/l on 
day 7 belonged to group 1, the other 16 belonging to 





Table Clinical findings in the two study groups 

Stady group ne Gestational age (wks) 
{mean frange}} 

Ezyroxine 260 nmoi/! 7 29-1 {28-31} 

‘Fayroxine <60 nmol/l 26 28-6 (26-31) 


Birth weight {g} Intermittent positive Periventricular- 
{mean (range}} pressure ventilation intraventricular 

haemorrhage 
1035 3 l 


(635-1350) 
1107 15 15 
(770-1500) 





Canversion: SI to traditional unig—Thyroxine:] nmol/=0-078 ug/tO0ml. 


| 
864 de-Vries, Heckmatt, Burrin, Dubowitz, and Dubowitz 


group 2. Although the triiodothyronine concentra- 
tions tended to rise during the study i in both groups, 
the mean concentration in group 2 was still low on 
day 21 (0-85 nmol/l (0-055 ng/ml)). 

Thyroid stimulating hormone concentrations re- 
mained below 20 mU/I in all infants throughout the 
study, but in three of these; there was a raised 
concentration on one occasion only (on day 3, range 
10:2-19-8 mU/l). All other | thyroid stimulating 
hormone concentrations were normal (range <1-7-5 
mU/l). 

| 

Nerve conduction velocity. Normal postnatal accel- 
eration of the nerve conduction velocity was found 
in 20 infants, while the velocity was delayed in 13 
infants. In group 1 (with normal thyroxine concen- 
trations) the nerve conduction; velocity was normal 
i a 21 and at 40 weeks’ postmenstrual age (Fig. 
l(a 

In group 2 (with one or more low thyroxine 
concentrations) the nerve conduction velocity was 
delayed in 13 of the 26 infants at 40 weeks’ 
postmenstrual age. Two of these infants already 








26 
i Postmenstrual age (weeks) 


showed a slow velocity at 21 days, whereas the 
remainder were normal at that stage. The other 11 
showed a normal increase between the first and the 
third week of life and the delay was first noted at 40 
weeks’ postmenstrual age (Fig. 1(b)). The incidence 
of delay in nerve conduction velocity at 40 weeks’ 
postmenstrual age, of 1-9 weeks or more, was 
significantly different between the two groups 
(p<0-02 by one tailed Fisher exact test). 

Ten of the 13 infants with a delay in nerve 
conduction velocity had prolonged hypothyroxi- 
naemia (low thyroxine concentrations on day 7 and 
21) (Fig. 2). Nine of these 10 infants required 
ventilation. Eight further infants had prolonged 
hypothyroxinaemia but a normal nerve conduction 
velocity at 40 weeks’ postmenstrual age, and only 
three of these infants were ventilated. A combina- 
tion of ventilation and prolonged hypothyroxi- 
naemia was thus present in nine of the 13 infants 
with a delay in nerve conduction velocity and in only 
three of the 13 with normal nerve conduction 
velocity (p<0-02). 

No difference in the nutritional state at 40 weeks’ 


644 (b) 





Coie © 
56 56 / 
Q 
- : ‘ g 
Sd E ye o 
= 48 > 48 dg © 
= | 5 99 
5 ‘L0 S 40 
8 432 32 
. zZ Pad 
"2h rd | 24 
S | £ 
| Fr | ge 
657. | 16 F 
26 30 34 | 38 42 


30 34 38 £2! 


Fig. 1 Nerve conduction velocity during the first week of life (lower cluster) and at 40 weeks’ postmentstrual age (39-43 
weeks) ( upper cluster) in infants with (a) thyroxine 260 nmol/l and (b) thyroxine <60 nmol/l (O= thyroxine <60 nmol/l on 
one occasion (day 3 or 7); @=thyroxine <60 nmol/l on two occasions (day 7 and 21)). 


Conversion: SI to traditional unite—-Thyroxine: mmol i=0-078 pe/100ml. 
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Fig.2 Progression in nerve conduction velocity between 
birth and 40 weeks’ postmenstrual age in infants with a 
th-roxine concentration =60, <60 on one occasion (day 3 
or7}, and <60 nmol/l on two occasions (day 7 and 21). 


Cosversion: SI to traditional units—Thyroxine: 1 nmol/i0-078 ug/100 mi. 


postmenstrual age in terms of overall weight gain 
could be found between infants with and without the 
delay in nerve conduction velocity. 


Ultrasound findings. Sixteen infants developed a 
periventricular-intraventricular haemorrhage. A 
haemorrhage was noted in 15 of the 26 infants with 
low thyroxine concentrations compared with one of 
seven with normal thyroxine concentrations. 


(p<0-05). 
Décussion 


Onur findings support previous observations that 
prematurity and severe illness are associated with a 
disturbance of the thyroid axis and thus with 
hypothyroxinaemia in the absence of increased 
thyroid stimulating hormone concentrations. 
Twenty six (78%) of our patients developed 
thyroxine concentrations below 60 nmol/l and 21 
(65%) still had concentrations below 60 nmol/l at 3 
weeks of age. The high incidence of hypo- 
thyroxinaemia and the slow recovery rate in this 
study, compared with other studies,° are most likely 
due to the immaturity of our population. 

The high incidence of periventricular-intra- 
ventricular haemorrhage in the population might be 
acother important associated factor in the hypo- 
thalamic disturbance. Fifteen of the 26 infants with 
low thyroxine concentrations had an associated 


haemorrhage compared with only one of seven with 
normal concentrations. It is noteworthy, however, 
that in six infants low thyroxine concentrations were 
already present before the bleed could be visualised 
by ultrasonography and no correlation could be 
found between the size of the bleed and the degree 
of the endocrine disturbance. It is thus possible that 
the hypothalamus is not directly affected by the 
haemorrhage itself but by the crema distur- 
bance leading to it. 

This study also shows that the hypothyroxinaemia 
may be prolonged beyond the first two to three 
weeks of life. This is supported by the results of 
Chowdry, who studied a comparable population and 
only found stabilisation of serum thyroxine between 
7 and 9 weeks postnatally.’ Only seven of our 
infants could be tested at 40 weeks’ postmenstrual 
age, and two still had a thyroxine concentration 
below 70 nmol/l. Unfortunately, we were unable to 
document the exact duration of the hypothyroxi- 
naemia in most of our infants as most of them were 
referred back to the referring hospital shortly after 
the end of the study. 

This study also shows an association bewen 
thyroxine concentrations and nerve conduction 
velocity. Normal matvration was found in all infants 
with normal thyroxine concentrations, whereas 13 of 
the 26 infants with low concentrations had a delayed 
maturation. The nerve conduction velocity seemed 
to be more often delayed in those infants who still 
had thyroxine concentrations below 60 nmol/l on 
day 21. A number of infants, however, had a normal 
nerve conduction velocity at 40 weeks”: postmen- 
strual age in spite of prolonged hypothyroxinaemia. 
While most of the infants with prolonged hypothy- 
roxinaemia and a delay in nerve conduction velocity 
were preterm infants who required ventilation, most 
of the infants with prolonged hypothyroxinaemia 
and a normal nerve conduction velocity were 
healthy. Thus it is possible that slow nerve conduc- 
tion velocity may be caused by a'third unmeasured 
factor associated with illness. An effect of nutrition 
on growth and myelination cannot be excluded, but 
the similar weight gain at 40 weeks’ postmenstrual 
age of the infants with and without delayed nerve 
conduction velocity makes this unlikely. 

There is an established association with hypothy- 
roidism and delayed maturation in congenital 
hypothyroidism and in hypothyroidism in adults. oe 
Two explanations have been given in these studies 
for the delayed nerve conduction velocity—delay in 
myelination and disturbance in the neurotransmitter 
mechanism.» 

Previously, there has been no biological evidence 
that transient hypothyroxinaemia associated with 
prematurity is harmful, but the question whether 
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treatment is indicated is often raised.!° These results 
suggest that transient hypothyroxinaemia may inter- 
fere with «neurological maturation, as shown by 
delay in maturation of nerve} conduction velocity, 
and raise the question whether treatment of 
hypothyroxinaemia may influence the maturation of 
nerve conduction velocity. Two studies have been 
reported where treatment for hypothyroxinaemia 
was given. In one prophylactic treatment with 
triiodothyronine or thyroxine was used in all 
preterm infants less than 37! weeks’ gestation or 
below 2200 g, or both, with a fourfold reduction in 
the mortality in the treated group.” In the other 
study thyroxine was selectively administered for 
treatment of preterm infants) between 25 and 28 
weeks’ gestation with two jor more thyroxine 
concentrations below 60 nmol/l.’ The outcome 
between the treated and non-treated group was not 
different, but only eight of the 23 infants were seen 
at follow up. Although the increase in thyroxine 
concentrations was not different between the two 
groups, no triiodothyronine concentrations were 
reported and an increased conversion of thyroxine 
into triiodothyronine cannot therefore be excluded. 

Our aim in the present study was to establish a 
method that would enable us to measure on a short 
term basis the biological effect of thyroid function. 
We were able to show an /|association between 
disturbed thyroid function and delay in nerve 
conduction velocity. Whether this delay is mainly 
influenced by thyroxine concentrations can best be 
evaluated by the effect of treatment of hypothyroxi- 
naemia on nerve conduction velocities, and such a 
prospective study is currently ih progress in our unit. 


We thank Professor M J R Healy (Professor of Medical Statistics) 
and Professor J L van den B (Professor in Paediatric 
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Carbohydrate derived energy and gross energy 
absorption in preterm infants fed human milk or 
formula 
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Itar, and University Hospital E Herriot, Lyon, France 


SUSMARY Significant production of breath hydrogen has been shown in premature infants, 
suszesting limited intestinal capacity for digestion of carbohydrate. To evaluate net absorption of 
carbohydrate 24 three day balance studies were carried out in seven preterm infants fed 
paxeurised banked human milk and in 17 preterm infants fed a formula containing 75% lactose 
an— 25% glucose polymers. Because carbohydrate reaching the colon may be converted to 
organic acids by bacterial flora, carbohydrate net absorption was determined by quantitating the 
faecal excretion of energy derived from carbohydrate. The carbohydrate derived energy content 
of milk and stools was calculated as the difference between the measured gross energy and the 
sux of energy related to nitrogen and fat. Faecal loss of carbohydrate derived energy was lower 
in the group fed formula (1-9 (SD 1-2) kcal/kg/day) than in the group fed human milk (4-0 (SD 
1-81 kcal/kg/day). Net absorption of carbohydrate derived energy was 97-0 (SD 1-9)% as opposed 
to 92-6 (SD 3-9)%, respectively. Within each group there was no significant relation between 
ca-dohydrate energy absorption and fat, nitrogen, or gross energy absorption. Thus, although 
less complete with human milk than with formula, apparent absorption of energy derived from 
caDohydrate seemed quite satisfactory in these preterm infants. 


Development of intestinal lactase activity occurs late 
in xestation.! According to some studies, virtually 
all sremature infants would be expected to have 
lactose malabsorption.” ? 

tsarbohydrate absorption in neonates has been 
estimated by various methods, but these methods 
often have limitations. Oral tolerance tests* require 
a at of blood samples and are often unreliable. 
Measurement of breath hydrogen’ ? is a sensitive 
but:non-quantitative method of evaluating carbohy- 
draze malabsorption. Determination of lactose assi- 
mation by using stable, isotopically labelled 
mo`ecules requires sophisticated and expensive 
eqripment. Balance studies with measurements of 
faecal excretion of carbohydrate** do not necess- 
arly provide accurate information of intestinal 
digestibility as carbohydrate reaching the colon may 
be converted by bacterial enzymatic actions to lactic 
acd and short chain fatty acids. 

D 1982 Kien et al developed a method for 
assessing carbohydrate absorption by measuring 
gross energy, nitrogen, and fat content of intake and 


stools.? Using this method, we evaluated gross 
energy and carbohydrate derived energy absorption 
in preterm infants fed- human milk or a preterm 
formula. 


Patients and methods 


Twenty four three day balance studies were carried 
out in 24 preterm boys (Table 1). All infants were 


Table 1 Infant data according to feeding group. Values are 
mean (SD) 


Feeding group 
Human Preterm 
milk formula 
No of infants 7 17 
At birth: 
Gestational age (wks) 31 (1) 3 (2) 
Weight 1451 (115) 1326 (240) 
At balance study: ' 
Postnatal age (days) 25 (9) 36 (15) 
Weight 1787 (246) 1948 (358) 
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appropriate for gestational age. All were fed orally. 
At the time of the balance st dies, all infants were 
passing normal stools and were growing at a steady 
rate. Informed parental ban was obtained. 
The balance studies were| carried out in seven 
infants fed pasteurised banked human milk and in 17 
infants fed a preterm formula (Pregallia, Gallia, 
France) containing per dl: protein 1-9 g (whey: 
casein 60:40), fat 3-36 g (40% medium chain tri- 
plycerides), and carbohydrate 9-6 g (75% lactose 
and 25% maltodextrin). Separate collections of 
stools and urine were performed with a metabolic 
bed as previously described.‘ Whenever defecation 
occurred the stool was immediately frozen. Total 
nitrogen was determined in both milk and faeces by 
the micro-kjeldah] technique and fat by a gravimetric 
method that gives complete recovery of long chain 
and medium chain triglycerides. H Gross energy was 
determined on lyophilised aliquots of milk and stools 
using a ballistic: bomb calorimeter (Gallenkamp, 
London, England) as reported elsewhere.!? The 
heat of combustion of various nutrients determined 
in our laboratory was protein 6- 15 kcal/g, long chain 
triglycerides 9-61 kcal/ ig, and ‘medium chain tri- 
glycerides 8-51 kcal/g.'* The carbohydrate derived 
energy content of milk and stools was calculated as 
the difference between the measured gross energy 
and the sum of calculated gross energy related to 
nitrogen and fat content. The coefficients of net 
absorption of nitrogen, fat, carbohydrate derived 
energy, and gross energy were calcuated as: 


_(intake—fecal excretion)/intake.-  - 
The significance of the 
arithmetic means was evaluat 


erence between two 
by Student’s ¢ test. 


Results 


Milk volume and fat intake [were similar in both 
groups, but gross energy and nitrogen intakes were 
significantly higher in the ipreterm infants fed 
formula (Table 2). Carbohydrate derived energy 
intake averaged 54-4 kcal/ke/day in the group fed 
human milk and 63-7 keal/kg/day i in the group fed 
formula. In both groups this represented 46% of 
gross energy intake. The faecal excretions and 
coefficients of net absorption of gross energy, 
nitrogen, fat, and carbohydrate derived energy are 
shown in Table 3. Faecal excretions of gross energy, 
fat, and carbohydrate derived energy were roughly 
twice as high in the preterm infants fed pasteurised 
banked human milk as in those fed formula. 
Gross energy absorption averaged 92:6% in the 
group fed formula as opposed to 85-5% in the group 
fed human milk. Net absorption of nitrogen, fat, 
and carbohydrate derived energy was also signifi- 


see 
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Table 2 Intake data according to feeding group. Values 
are mean (SD) 


Feeding group 
Human Preterm 
milk formula 
Milk volume (nWkg'd) 174 (14) 166 (12) 
Gross energy d) 119-6 (10-2) 136-9 (7-4)* 
Total nitrogen: 
(mg/kg/d) 403 (33) 510 (27)* 
(kcaVkg/d) 15-5 (1-3) 19-6 (1-0)* 
Fat: 
Tokya 5-17 (0-70) 5-58 (0-31) 
(kcal/kg/d) 49-7 (6-7) 53-6 (3-0) 
Carbohydrate derived energy 
(kcalke/d) 54-4 (6-0) 63-7 (4-5)* 


*p<0}05 compared with the group fed human milk. 


Table 3 Faecal excretion data according to feeding group. 
Values are mean (SD) 





Feeding group 
Human Preterm 
milk formula 
Grom energy: 
(kcal/kp/d) 17-3 (5-6) 10-1 (3-3)* 
(% of absorption) 85-5 (4-9) 92-6 (2-4)* 
Nitrogen: 
(mg/kg/d) 64 (20) 50 (16) 
(keal¥ko/d) 2:5 (1:0) 1-9 (1-0) 
(% of absorption) B4-1 (4-5) 90-2 (2-9)* 
Fat: 
(g/kg/d) 1-12 (0-50) 0-65 (0-27)* 
(kcalV/kp/d) 10-8 (4-8) 6:2 (2°6)° 
(% of absorption) 78-3 (10-0) 88-4 (4-9) 
Carbohydrate derived energy: 
(kcalfkg/d) 40 (1-8) 1-9 (1-2)° 
(% of absorption) 92-6 (3-9) 97-0 (197 


*p<0-05 compared with the group fed human milk. 


cantly higher in the group fed formula than in the 
group fed human milk, these being 90-2, 88-4, and 
97:0% as opposed to 84-1, 78-3, and 92-6%, 
respectively. Within each group, there was no 
significant relation between carbohydrate derived 
energy absorption and nitrogen absorption, fat 
absorption, gestational age, or postnatal age. 


Discussion 


The aim of this study was to quantitate net 
absorption of gross energy and carbohydrate de- 
rived energy in preterm infants fed human milk or a 
preterm formula. 

In the group fed banked hunai milk the mean 
(SD) coefficient of gross energy absorption (86 
(5)%) was similar to that reported (87 (5)%) by 
Whyte et al in very low birthweight infants fed their 
own mother’s milk’* but higher than that found (76 
(16)%) by Brooke et al-in preterm infants fed 
pasteurised human milk.’* In the latter study, 
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however, faecal excretion of fat was almost twice as 
higa as in our study or in Whyte’s study. In the 
group fed the preterm formula gross energy absorp- 
tion, (93 (SD 2)%) was slightly higher than that 
reported (90 (SD 3)%) by Whyte er al? or by 
Vaiman et al% (87 (SD 5)%) in preterm infants fed 
formula. Fat absorption was also slightly higher in 
our infants (88 (SD 5)%), however, than in Whyte’s 
(85 (SD 5)%) or Valman’s study (83 (SD 5)%). As 
in she study of Brooke and Wood,'* we found a 
higaly significant positive relation between faecal 
loss of gross energy and faecal excretion of fat (Fig. 
1). The good fat absorption in our infants fed 
formula is probably due to the use of medium chain 
triglycerides as part of fat, whereas the poor fat 
absorption observed in some preterm infants fed 
barked human milk can be explained by the 
inactivation of lipase (stimulated by bile salt) by 
pasteurisation.'’ We found that protein net absorp- 
tiom was significantly lower in the group fed human 
milx than in the group fed formula. This might be 
duc to the presence of poorly degraded immunoglo- 
bul ns in human milk.'* 

We calculated that net absorption of carbohydrate 
derived energy averaged 92-6% with human milk 
anc 97% with formula (Fig. 2). There are few 
published data concerning carbohydrate absorption 
in reonates. In term infants aged 2 weeks Southgate 
anc Barrett found a net absorption of carbohydrate 
tha: averaged 96:9% with breast milk and 99-9% 
wit? cow’s milk preparation. In very low birth- 
wewht infants fed human milk or formula Atkinson 
et al found coefficients of lactose absorption of 
abcut 99% during the first weeks of life.” Carbohy- 
drate balance studies are, however, notoriously 
difficult to interpret. In both studies carbohydrate in 
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carbohydrate derived energy, and gross energy in preterm 
infants fed banked human milk (Q) or a preterm 


formula (@). 


stools was measured by determination of lactose and 
reducing substances only. This method does not 
permit total quantitation of faecal loss of energy 
derived from carbohydrate because carbohydrate 
malabsorbed in the small intestine can be converted 
by colonic flora into short chain organic acids, which 
are not completely absorbed.'? In our study the 
intake and faecal excretion of carbohydrate was 
calculated trom the total energy content less the sum 
of energy related to measured nitrogen and fat 
contents. This technique of assessing net absorption 
of carbohydrate derived energy has the theoretical 
advantage of taking into account faecal excretion of 
carbohydrate as well as by products resulting from 


Fig. 1 Relation between faecal fat and 
faecal energy in three day stool collections 
from 24 preterm infants fed 

banked human milk (Q) or a preterm 


formula (@). 
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bacterial degradation of malabsorbed carbohydrate. 
There are, however, some reservations about this 
method. Despite the use of freezing, short chain 
organic acids, which are volatile at acid pH, may 
have been lost in the process of collection or 
processing. The assumption that stool fat was 
present only as long chain triglycerides seems 
acceptable according to the pattern of newborn 
faecal lipids.’ But the assumption that stool nit- 
rogen was present as protein or amino acids only 
may result in slightly underestimating carbohydrate 
derived energy as some of the stool nitrogen was 
presumably also present as urea and ammonia.’ The 
calculation of apparent carbohydrate absorption 
may also be influenced by the faecal excretion of 
mucus, which is a potentially non-dietary source of 
stool carbohydrate. Net absorption of carbohydrate 
derived energy was lower in the group fed human 
milk than in the group fed formula. This might result 
from quantitative and qualitative differences in 
colonic bacteria. Another explanation might be the 
presence of numerous poorly absorbed oligosac- 
charides in human milk—2-4 g/dl in colostrum and 
1-2 g/dl in mature milk.” The mean coefficient of 
carbohydrate derived energy absorption in the 
group fed formula containing 75% lactose and 25% 
glucose polymer was similar to that observed by 
Kien et al in four premature infants fed a formula 
containing 50% lactose and 50% glucose polymer.” 
In summary, this study shows that there are 
differences between net absorption of macronut- 
rients in premature infants fed human milk and 
preterm formula, resulting in a significantly higher 
faecal loss of energy with pasteurised human milk. 
The analysis of production of breath hydrogen by 
premature infants up to at least 50 days of age has 
suggested that greater than 66% of dietary lactose 
may reach the colon.* Formulas have been de- 
veloped, therefore, that contain decreased lactose 
concentration with carbohydrate energy sup- 
plemented with glucose polymer. Our study indi- 
cates that overall, in terms of energy, net absorption 
of carbohydrate is quite satisfactory from either 
source. Our data, however, give an estimation of 
‘apparent’ as opposed to ‘true’ absorption of car- 
bohydrate. In the absence of data on serum glucose 
concentrations, breath hydrogen, or excretion of 
labelled carbon dioxide it is impossible to determine 
whether absorption occurred in the small bowel 
through membranous digestion or in the colon by 
resorption of short chain organic acids produced by 
the microflora. This salvage pathway may be impor- 
tant in view of raised excretion of breath hydrogen 
by infants fed lactose or glucose polymer.” 
Dr M De Curtis was supported by a fellowship from the Nestlé 
Nutrition Foundation. 
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Osteopenia of prematurity 


J E JAMES, P J CONGDON, J TRUSCOTT, A HORSMAN, AND R ARTHUR 


Regional Neonatal Surgical and Intensive Care Unit and MRC Mineral Metabolism Unit, The General 
Infermary, Leeds 


SUMMARY Bone mineral content of the forearm was measured by photon absorptiometry in 17 
preterm infants at a postconceptional age of 40 weeks. Radiographs of the forearm were assessed 
by Koo’s method and plasma alkaline phosphatase activity was also measured at this time. Bone 
mineral content was significantly but weakly correlated with Koo score and was not significantly 
correlated with alkaline phosphatase activity. Neither of these two commonly used investigations 
accurately predicts the presence of underlying bone disease. 

Compared with 15 full term infants the preterm infants had significantly lower values of bone 
mineral content, palpated ulnar length, and crown-heel length. After adjusting for weight and 
ulnar length the preterm group still had a significantly lower mean value of bone mineral content 
than the full term group. Accurate diagnosis of osteopenia of prematurity requires photon 
absorptiometry, with bone mineral content assessed relative to body weight or ulnar length. 


Bone disease (rickets of prematurity or osteopenia) 
is row being increasingly recognised in surviving 
pre-erm infants.’ Diagnosis is usually based on 
either radiological abnormalities’ or rises in plasma 
alkaline phosphatase activity.” Radiological diagno- 
sis B likely to bei imprecise because the assessment is 
subjective and a major loss of bone mineral might 
have to occur before characteristic changes are 
apparent.* Although raised plasma alkaline phos- 
phatase activity is observed i in association with frank 
rad_ological rickets,’ activities change with postnatal 
age, and it is difficult to decide „What activity 
rep-esents underlying bone, disease.” 

Eone mineral content can be measured directly 
with photon absorptiometry, and we have pre- 
viously shown that an absorptiometer specifically 
developed and calibrated for small infants is very 
prezise and accurate.” We have compared radio- 
graphic and biochemical evidence for bone disease 
with measurements of bone mineral content in a 
group of preterm infants on reaching the postcon- 
ceptional age of 40 weeks, with the aim of assessing 
the diagnostic accuracy of these two commonly used 
investigations. We have also compared bone min- 
era. content and other measurements related to 
bocy size of preterm infants at 40 weeks with similar 
measurements of full term infants near the time of 
birth to assess whether osteopenia of prematurity 
contains a component that is independent of re- 
duced growth. 
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Patients and methods 


Fourteen boys and three girls born at or before 32 
weeks and eight boys and seven girls born at term 
were investigated after informed parental consent 
had been obtained. The excess of boys in the 
preterm group was not the result of selection but 
reflected the population in the neonatal unit when 
the study was undertaken. Sex, gestational age, and 
weight at birth are given in Tables 1 (preterm 
infants) and 2 (full term infants). Gestational age 
was assessed according to the mother’s last men- 
strual period and clinical criteria at birth. Investiga- 
tions were performed within five days of the 
postconceptional age of 40 weeks in the preterm 
infants and less than three days after birth in the full 
term infants. The investigations, which were carried 
out with the approval of the hospital ethics com- 
mittee, comprised for the preterm group photon 
absorpiometry (involving measurement of ulnar 
length) and radiography of the forearm and 
measurement of crown-heel length and plasma 
alkaline phosphatase activity and for the full term 
group photon absorptiometry and measurement of 
crown-heel length; radiographs were not taken in 
the full term group for ethical reasons. All infants 
received supplemental vitamin D (400 IU daily) with 
oral feeds using a proprietary milk formula (Oster- 
feed). 

The bone mineral content of the right forearm 
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Tabie 2 Observations on the full term infants at birth 


Sex Gestational Weight 
age (weeks) (2) 


TRETTEN Ease ees Bes 
SBSSSSSSEZSSERSERES 


henpone @ ete Vee Ra 


bores (expressed as mass of mineral per unit length) 
was measured by photon absorptiometry at the 
micpoint of the radius, identified by palpation of the 
dist<l ulnar styloid process and the proximal tip of 
the olecranon. Ulnar length was defined as the 
distence between these sites, measured with dividers 
befwe the scan. A regression equation was used 
to 2stimate from the ulnar length the position of 
the midshaft of the radius relative to the distal ulnar 
styEcid process.’ Technical details of the absorptio- 
meer and its calibration using postmortem speci- 
mez have previously been described.’ The 
measured bone mineral content of the radius 
anc ulna together is accurate to +6 mg (95% 
confidence limits). Precision, calculated from 
the duplicate values of bone mineral content 


obtained during every investigation, was 5% in- 


the iwo groups combined. 

Az the same time as the bone mineral content was 
measured an anteroposterior radiograph of the right 
forearm was taken in the preterm infants under 
standardised radiographic conditions. The radio- 
grachs were assessed, with infant identification 
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Bone Ulnar 
H tength {mm) length (cm) 

content (mg/cm) 

194-0 85-0) 53-0 
172-2 80-0 52-5 
2054 86-0 60-0 
201-1 85-0 53-5 
188-4 TIO 51-0 
192-9 81-5 53-0 
196-5 83-5 58-0 
202-3 80-0 51-0 
2224 90-0 60-0 
214:0 780 49-0 
182:2 76-0 56-0 
176:2 78-0 51-0 
182-6 81-0 53-0 
202-0 84-0 $1-0 
177-8 81-0 55-0 


obscured, by a radiologist (RA) using the scoring 
method of Koo et al.“ Grade 0 was allocated to 
infants with normal bones, 1 to those with mineral 
rarefaction only, 2 to those with fraying and cupping 
of the metaphyses—that is, abnormalities observed 
in rickets, and 3 to those who also had fractures. 

A blood sample was obtained from each preterm 
infant on the same day and assayed for plasma 
alkaline phosphatase activity® using a Technicon 
analyser (type RA 1000). 

Crown-heel length was measured with a standard 
infantometer. 

Statistical analysis of the data included Student’s t 
test, Pearson’s correlation coefficient, and analysis 
of variance and covariance. Two tailed probabilities 
are given throughout. 


Results 


Table 1 contains the observations on the preterm 
infants at a postconceptional age of 40 weeks. Table 
2 contains the reduced set of observations on the full 
term infants shortly after birth. 


Tate 3 Correlation matrix of observations on the preterm group 





Gestational Weight at 
age at birth 
birth 
Weight at birth 0-794 
Weight at 40 weeks NS NS 
Bon- mineral content NS NS 
Koo more -9-664 
Alkane phosphatase —0-61t —0-79t 
NS 
Crow>-heel length NS NS 


Weight at Bone Koo Alkaline Ulnar 
40 weeks mineral score Phosphatase length 
content 
0-734 
—0-50* —O-61t 
NS O-Git 
0-944 0-824 (+ 58° NS 
0-984 0-734 ~0-62T NS 0-94 
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Internal relations between observations in preterm 
infants. Table 3 is a correlation matrix of the 
measurements on the preterm infants. Bone mineral 
content was not significantly correlated with weight 
at birth but was highly significantly correlated with 
weight at 40 weeks, ulnar length, and crown-heel 
length (p<0-001). Bone mineral content was signifi- 
cantly correlated with Koo score (p<0-01) but not 
with plasma alkaline phosphatase activity. In con- 
trast, Koo score was significantly correlated with 
weight at birth (p<0-01), weight at 40 weeks 
(p<0-05), and plasma alkaline phosphatase activity 
(p<0-01). Plasma alkaline phosphatase activity was 
significantly inversely correlated with gestational 
age (p<0-01) and weight at birth (p<0-001). 


Comparison of preterm and full term groups. Table 
4 contains the mean values, standard deviations, and 
standard errors of the measurements for the preterm 
and full term groups, with the results of ¢ tests. At 40 
weeks preterm infants tend to be shorter, weigh less, 


and have a lower bone mineral content than full 
term infants. 

Table 5 contains the results of analysis of variance 
and covariance of ulnar length. Both maturity and 
weight at 40 weeks are significant sources of 
variation in ulnar length (p<0-001). When measure- 
ments of ulnar length are adjusted for weight at 40 
weeks a significant difference remains between the 
groups (p<0-001). For a given weight, preterm 
infants tend to have shorter forearms and lower 
values for crown-heel length (p<0-001) than full 
term infants. 

Given that preterm infants are generally shorter 
and lighter than full term infants at 40 weeks (Table 
4), the same approach was used to establish 
whether, when both weight at 40 weeks and ulnar 
length are taken into account, a difference in bone 
mineral content still exists between the groups. 
These results are also given in Table 5. The 
difference between the adjusted mean values re- 
mains highly significant (p<0-005), indicating that 


Table 4 Comparison of the mean values of the observations on preterm and full term infants 





Variable Preterm group (n=17)} Full term group (n= 13} t Value p Value 
Mean SD SE Mean SD SE 

Gestational age at birth (weeks) 29-53 2:12 0-52 39-83 0-75 0-49 ~18-7* <O-001 
Weight at birth (g) 1380 395 96 3839 $43 140 ~13-0 <0-001 
Weight at 40 weeks (g) 2666 972 236 (3539) (543) (140) -34 <00} 
Bone mineral content (mg/cm) 113-3 40-3 9-8 194-6} 14-3 37 —7-7* <G-00] 
Koo score 1-88 ws ia = of = ae 
Alkaline phosphatase (KA units} 55-8 28-4 y9 — — — _ = 
Ulnar length (mm) 74-74 6:77 -64 81:73 3-84 0-99 -50 <(0-001 
Crown-heel length (cm) 46:07 4-383 V7 53-80 3-37 0-87 -532 <H 


*t Test with unequal variances. 


Table 5 Results of analysis of variance and covariance of ulnar length and bone mineral content 


{a} Sources of variability in all 32 infants, including maturity. 


Variable Source of 


variation 


RRL Ply FR LA ARERR LI LARA SORA ES EY AOL MARAE Adkae nb Eectatebhderdh itdbdabebbtnesanliebebtseddeds ft edatatent dahl AAAA RASAR AAA RAISE eeaeee eere eee er OREN SINS RS 


Ulnar length Weight at 40 weeks (g) 
Maturity 

Residual 

Weight at 4& weeks {g} 
Ulnar length {mm} 


Bone mineral content 


Pg Ener E E AH OR RE RRO BRR A A A E EE Ha I NAAM RN FA tn IY ARH A RE RE REAR tet RA A PR At a AA AAAA EEA DEEE AAAA AAAA RRP RRIARARARAES EE PSMA ESN IIIS rereana one 





Rt PR ne I PE VP IRR RARE PVP SA AA REREAD RPL OVO EPR EEEE: A A A A stent A RV ry I AALIYAH AMAR AIAN PAE LEEPER RYN RYN UE LILI PAAA UE RIN REI HE Pa e 


Maturity 
Residual 
{b} Group mean values unadjusted and adjusted for weight at 40 weeks. 
Variable 
Uinar length Unadjusted 
Adjusted 
Bone mineral content Unadjusted 


Adiusted 


AMAA A etn thr Larter 


Mean square F p Value 
1487-3 32}2 <H- 
liga 24-7 <H 
4-6 we — 
1934 4.7 <0-058 
18428 44-9 <M 
4233 103 <1} 005 
410 oe — 
Preterm Full term p Value 
group group 
7174 81-73 <0-001 
74-38 78:73 <H 
1133 194-0 <P- 
134-3 1703 <0-005 
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the bones of preterm infants are disproportionately 
uncermineralised even when allowance is made for 
bocy size. 
Disecassion 


The terminology used in neonatal bone disease is 
con-asing. Rickets of prematurity implies the pres- 


‘ence of radiologically detectable abnormalities at 


~_ 








the ends of the long bones and is historically related 
to sitamin D deficiency.” These abnormalities, 
hovever, can cccur in neonates, despite normal 
plasma vitamin D concentrations.’ Osteopenia of 


‘prematurity, while a better term than rickets, 


imples a deficit in bone mineral that is difficult to 
quar tify radiologically. 

In preterm infants we found a significant but weak 
relation between radiological appearance and bone 
mineral content at a postconceptional age of 40 
wecEs. Four of the six infants with a normal Koo 
score had bone mineral content values between 3-7 
and 6-5 standard deviations below the mean for 
infarcts born at term. Previous work on adult bones 
has shown that substantial demineralisation has to 
occa before radiological changes become 
apperent,* and our results further emphasise the 
lim#tations of radiological assessment even if a 
stardardised sccring system is used. To depend on 
rad ology for the diagnosis of osteopenia will result 
in s2rious underestimation of the extent of this 
concition. Furthermore, therapeutic studies aimed 
at correction either by using vitamin D supplements 
or b7 enhancing substrate intake may give mislead- 
ing -esults if undue reliance is given to apparent 
raccological improvement. Although calcium sup- 
plementation has been shown to result in radio- 
logzal improvement,!° the lack of precision of 
rad-eldgical assessment is such that small changes in 
bore mineral content are unlikely to be detected. 

Æ- a postconceptional age of 40 weeks the 
pre-erm infants in this study were lighter and shorter 
than infants bom at 40 weeks. Although the mean 
bore mineral content for the preterm group was 
red-ed relative to the full term group, this could 
havz been the result of preterm infants having 
sméler bones, because bone mineral content is 
dependent on size.!! When analysis of variance was 
used to correct for both weight and ulnar length, 
however, the mean bone mineral content was still 
sigr@icantly reduced in the preterm group. The 
observed reduction in bone mineral content cannot 
be =xplained solely on the basis of body size and 
sT therefore contain a component due to under- 
metabolic bone disease. 
asma alkaline phosphatase activity increases 
postnatal age, and peak values are found at a 
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time near to what should have been term.? Many 
variables affect its assay,’ and the range of values in 
infants with radiological bone disease overlaps the 
range in those with normal bones to such an extent 
that absolute values are of limited use. Although 


- we found alkaline phosphatase activity to be related 


to Koo score, it was not significantly correlated with 
bone mineral content. It has been suggested that 
activities up to five times the upper limit of the adult 
range should be regarded as normal in growing 
preterm infants, while activities exceeding six times 
the upper limit (which for our laboratory is 13 KA 
units) are suggestive of underlying radiological bone 
disease.” In our study three of the four infants whose 
plasma alkaline phosphatase activity exceeded 78 
KA units had abnormal Koo scores, and two had 
particularly low values of bone mineral content. 
While very high plasma alkaline phosphatase activi- 
ties may occur in association with frank radiological 
bone disease, however, normal activities are also 
found in those with osteopenia. Thus neither ` 
radiological assessment nor plasma alkaline phos- 
phatase activity can reliably detect undermineralisa- 
tion in the bones of growing preterm infants. At 
present photon absorptiometry, although primarily 
a research tool, seems to be the only viable 
technique for diagnosing osteopenia of prematurity. 

Although the mean gestational age of the preterm 
infants was just under 30 weeks, many considerably 
less mature infants now survive. Only two of the 17 
infants in our preterm group had bone mineral 
content. values within the norml range for infants 
born at term. It is more than likely therefore that 
any infant born before 28 weeks will develop 
osteopenia even in the absence of obvious radio- 
logical or biochemical abnormalities. Sequential 
measurements of bone mineral content in premature 
infants have shown that the postnatal increase in 
bone mineral content is significantly less than that 
expected in utero,’ © and while the long term 
consequences are unknown this problem and its 
treatment merit further investigation. 


J R James holds a Research Fellowship awarded by the Yorkshire 
Regional Health Authority. The authors are grateful to Dr D H 
Marshall, MRC Mineral Metabolism Unit, for his advice on the 
statistical analysis of the data and to Cow and Gate for financial 
support. 
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R x K JONES AND N R C ROBERTON 


Small for dates babies: are they really a problem? 


The Neonatal Unit, The Rosie Maternity Hospital, Cambridge 


SUMMARY One hundred and sixty four infants <Sth centile for gestation specific birth weight 
we-2 born at gestations =37 weeks in the Cambridge Maternity Hospital in 1982. Of these, 60 
we-2 <2-3rd centile—that is, > 2 standard deviations below mean birth weight. Serious disease 
was rare: only six (4%) had recognisable malformations. There was only one neonatal death, a 
baby <2-3rd centile with the Neu-Laxova syndrome. Nine (5%) became hypoglycaemic but with 
no serious symptoms: one of these was already on the neonatal unit with respiratory distress 
syrdrome and was given intravenous dextrose, and the remaining eight all responded to milk 


survivors for 48 hours or less. 


feeds. Only 13 out of the 164 patients (8%) were admitted to the neonatal unit, eight of the 12 


Small for dates babies of 37 weeks’ gestation or more pose few neonatal problems and can be 


safly cared for on a postnatal ward. 


In tne past small for dates babies have caused 
appreciable concern to their medical attendants. 
According to the 1958 perinatal mortality survey 
infeats with birth weight <2500 g born after full 
durtion or prolonged pregnancies had a mortality 
eigh: times higher than those weighing > 2500 g. 
The danger of symptomatic hypoglycaemia was first 
recognised in 1959.“ Many other neonatal complica- 
tions, such as birth asphyxia, hypothermia, sepsis, 
poLcythaemia, pulmonary haemorrhage, and an 
increased risk of congenital abnormality, have been 
>; _ reported in small for dates infants.? Ounsted et al 
==  foucd that only 35% of a cohort of infants more than 
Me §§ 2 stendard deviations below the mean birth weight 
— for gestation had an uncomplicated neonatal course, 
anc their neonatal mortality was 63 per 1000 live 
birtts.* In recent years, however, our impression 
has Seen that with improved standards of obstetrics 
anc routine neonatal care, small for dates infants 
other than those with complications attributable to 
shert gestation have caused few problems. 


Pafiznts and methods 


It & our policy to admit to the neonatal unit only 
bataes who have symptoms or who weigh <1800 g; 
ptomatic babies above this weight go to the 
atal wards irrespective of gestation or whether 
are small for dates or not. 

"nce 1975 the routine on the postnatal wards in 
s Cambridge Maternity Hospital has been to 








record Dextrostix (Ames, United Kingdom) 
routinely at 2, 6, 12, 24, 36, and 48 hours of age in all 
babies below the 2-3rd centile. Dextrostix are 
performed in bigger infants at the discretion of the 
nursing or medical staff. As well as having these 
Dextrostix measurements the babies receive 60 ml/kg 
of formula on day 1 and 90 mi/kg on day 2, plus 
whatever they receive from the breast.” In this study 
we have reviewed all 164 infants born in 1982 at 
Cambridge Maternity Hospital at gestations of 37 
or more weeks (259 days or more) whose birth 
weights were below the fifth centile of Tanner and 
Thomson.° These infants were termed ‘small for 
dates. The mothers’ and infants’ notes were scruti- 
nised for the presence of an antenatal diagnosis of 
poor growth, intrapartum asphyxia, intubation at 
birth, hypothermia (<36°C), hypoglycaemia (glucose 
concentration <1-4 mmol/l (25 mg/100 ml on Dextros- 
tix)), need for admission to the neonatal unit, and 
any neonatal illness. 

For analysis, infants were divided into those 
above or below the 2-3rd centile of Milner and 
Richards’ (equivalent to 2 SD below the mean birth 
weight for gestation). The y? test was used for 
comparing frequency distributions using Yates’s 
correction for small numbers. 

To extend our assessment of the safety of our 
practice we reviewed our records to find all those 
infants admitted to our neonatal unit with symp- 
tomatic hypoglycaemia during the six year period 
1977-82, during which our postnatal ward routine 
was that described above. 
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Results 


1982 data. Intrauterine growth retardation was 
predicted in only 30% of singleton infants <Sth 
centile, rising to 44% of those <2-3rd centile. No 
baby, however, was born severely asphyxiated, and 
. of the 15 who needed intermittent positive pressure 
ventilation in the labour ward ‘all were in good 
condition and breathing ntaneously by 10 
minutes of age. One of these 15 infants, weighing 
1910 g and born at 37 weeks’ gestation, was 
observed on the neonatal unit for 24 hours. Of eight 
stillbirths in 1982 more than 37 weeks’ gestation, 
there were two with malformations (Potter’s 
syndrome and isolated hydrocephalus), both of 
whom were of normal birth weight. The only small 
for dates stillbirth had been diagnosed antenatally as 
growth retarded, and although the mother was given 

a ‘kick’ chart and instructions, she failed to contact 
the hospital when fetal movements fell into the 
danger zone. 

The neonatal problems ar summarised i in Table 
1. Thirteen infants (8%) were admitted to the 
neonatal unit for the reasons shown in Table 2, and 


Table 1 „Mortality and gross morbidity in 164 infants born 
in 1982 at Cambridge Maternity Hospital at gestations 


237 weeks with birth weights below the Sth centile. 
Numbers in brackets are percenta es 





Table2 Reasons for admission to neonatal unit and 
duration of stay in infants =37 wen gestation (n=164) 


Diagnosis No of Duration of stay 
infants (d=days, h—hours) 


Birth weight <1800 g 2 4h, 2d 
Major malformation 2 One died, one sent to 
another hospital 


Resptratory distress syndrome 11 12d 
Group B streptococcal sepsis 11 úd 
Transient tachypnoca 2i 2d, 4d 
Meconium aspiration 2 id, 2d 
H i 2! 12h, 24h 
Birth asphyxia’ 1 24h 
Total admissions 13| 


all of them were admitted from the labour ward 
immediately after delivery. Of the 11 babies who 
were not malformed who were initially admitted to 
the unit, eight had been discharged to the postnatal 
ward by 48 hours. Six infants (4%) had a malforma- 
tion recognised in the neonatal period (ventricular 
septal defect, Neu-Laxova syndrome, Werdnig- 
Hoffman disease, multicystic kidney, imperforate 
anus, and agenesis of the pinna), but only two of 
these, the baby with an imperforate anus and the 
case of Neu-Laxova syndrome, were admitted to the 
unit. 


Hypothermia. As shown in Table 1, 37 of the 164 
infants (23%) had recorded temperatures below 
36°C. The incidence of this problem rose to 21 of 60 
infants (35%) below the 2-3rd centile. This may be 
an underestimate of the incidence of hypothermia as 
42% had no temperature recorded in their notes. 
Only six (4%), however, had temperatures below 
35°C, the lowest being 34°C. The lowest tempera- 
tures were virtually always those recorded in the 
first few hours of life while the infant was on the 
labour ward or shortly after admission with his 
mother to a postnatal ward. The temperatures all 
rose steadily thereafter, and no symptoms attribut- 
able to cold were seen. Two infants were admitted 
to the neonatal unit, however, because of their low 
temperature (Table 2). 


Hypoglycaemia. Measurements were available in 
only 72% of infants <5th centile but were recorded 
in 88% of those below the 2-3rd centile. Concentra- 
tions of glucose below 1:4 mmol/l (25 mg%) were 
found in only nine infants, three of the 104 infants 
(3%) with birth weights between the 2-3rd and 5th 
centile, and six of the 60 (10%) below the 2-3rd 
centile. The three infants with birth weights between 
the 2-3rd and 5th centiles were all on the postnatal 
ward, and their blood glucose concentration 
increased and remained normal after an extra 
milk feed. Of the six infants <2-3rd centile, there 
were five on the postnatal ward whose blood glucose 
concentrations rose with an extra feed. The sixth, 
already on the neonatal unit with transient 
tachypnoea of the newborn, was started on 
intravenous dextrose. Of these nine babies, eight 
were asymptomatic, and one was described as 
jittery. Thus no infant had serious symptoms from 
hypoglycaemia, and no infant was admitted to the 
neonatal unit solely for correction of hypoglycaemia. 





1977-82 data. Out of nearly 23 000 infants bo 
the Cambridge Maternity Hospital at 37 w 
gestation or greater, there were 10 infants 
symptomatic hypoglycaemia. Of these, three 
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fits, two had mild respiratory illness and were found 
coancidentally to have a blood glucose concentration 
<.-] mmol/l, and the other five were just jittery. 
Ody two, both of whom were jittery, were small for 
detes, and only one of these required intravenous 
dextrose to keep his glucose concentration > 1-1 
manoll. Both have developed normally. The three 
incants with fits all weighed more than 3000 g (3100, 
3400, and 3400 g), and apart from poor feeding no 
cause was ever found for their hypoglycaemia. 


D:-scussion 


N2onatal mortality in this study of 164 term, small 
fer dates infants was limited to a single grossly 

xalformed infant, and neonatal morbidity from 
acquired illness was uncommon and transient. If 
hepothermia is considered as being only below 35°C 
ard birth asphyxia as only intermittent positive 
pressure ventilation beyond five minutes then the 
tetal morbidity was 31 of 164 infants (19%), 
cc mprising six malformations, seven cases of birth 
asphyxia (one also of hypothermia), nine cases of 
ho0glycaemia (one each also of hypothermia and 
transient tachypnoea), four cases of isolated 
hypothermia, and five other admissions to the 
special care baby unit (three with respiratory symp- 
tems and two solely for iow birth weight). This is 
cansiderably less than has been reported in other 
series. This low incidence of complications was not 
dae to growth retarded fetuses dying in utero. Despite 
tre fact that most growth retarded infants were not 
recognised antenatally, the overall improvements in 
tke general standard of intrapartum care and neo- 
natal resuscitation in the last two decades must have 
cantributed to the low incidence of complications 
such as hypoxic ischaemic encephalopathy, meco- 
mam aspiration, infection, and massive pulmonary 
haemorrhage, which traditionally are supposed to 
oscur in growth retarded infants. 

Small babies with a large surface area to body 
weight ratio are prone to hypothermia. The body 
temperature of too many babies in this study fell 
below 36°C, usually while the infant was still on the 
lebour ward. Improved labour ward procedures as a 
result of this study and a move to a new, better 
designed hospital have resulted in this problem 
v rtually disappearing. 

There remains a major anxiety in the minds of 
most paediatricians about hypoglycaemia in small 
fər dates infants. This anxiety was created by the 

much cited studies of Neliganë and Lubchenko and 
Eard,” who reported an incidence of hypoglycaemia 
(oresumed asymptomatic) of over 20% in growth 








etarded infants, and by studies such as those of 
‘enderson et al, 1 Corblath et al? Koivisto et al,'' 


and Pildes er al,” reporting a high incidence of 
severe sequelae and neuropathological changes in 
infants who, as neonates, had symptoms attributed 
to hypoglycaemia. 

It has to be emphasised, however, that most of 
these studies were from an era when neither early 
feeding of small for dates infants was pursued with 
the enthusiasm that was fostered by the studies of 
Smallpiece and Davies!’ nor monitoring for asymp- 
tomatic hypoglycaemia in small for dates infants by 
Dextrostix was routine. In 1982 we reported a very 
low incidence (5/167 (3%)) of asymptomatic hypo- 
glycaemia using the above protocol in infants with a 
birth weight of 1800-2500 g (about half of whom 
were small for dates) nursed on a postnatal ward. ! 
A similarly low incidence of hypoglycaemia in 
adequately fed small for dates infants was reported 
by Walther and Ramaekers.’ 

This present study, provoked, in part, by the 
persisting controversy over our 1982 data that 
adequately fed and monitored small for dates babies 
could be safely cared for on a postnatal ward, 
confirms that even asymptomatic hypoglycaemia is 
rare (9/164 (5%)) in small for dates infants. Those 
who are asymptomatic and with their mothers on a 
postnatal ward respond promptly to an extra feed. 
No small for dates infant in this study or that of 
Whitby et al? developed symptomatic hypogly- 
caemia. 

As it is uncertain whether jitteryness is a specific 
feature of neuroglycopenia or whether it is caused 
by ‘smallness-for-dates’ itself, we failed to diagnose 
hypoglycaemia before symptoms (fits) occurred in 
only three infants in the six year period 1977-82. 
None of them was below even the 10th birthweight 
centile for gestation, and none would, therefore, 
have been included in any currently recommended 
screening programme for detecting hypoglycaemia 
in small for dates infants. 

Whether we missed any cases of asymptomatic 
hypoglycaemia in the period 1977-82 remains 
speculative. As there is no evidence that asympto- 
matic hypoglycaemia is associated with any long 
term sequelae’ we believe that detecting a bio- 
chemical abnormality of no clinical importance 
that is, transient self correcting asymptomatic hypo- 
glycaemia——serves no purpose. Furthermore, the 
data show that no small for dates infant with 
asymptomatic hypoglycaemia can have subsequently 
developed symptomatic hypoglycaemia (fits) in this 
six year period. 

In the 1977-82 data only one infant was found 
with a weight between the 2-3rd and 5th centile who 
became hypoglycaemic and who required any 
treatment other than an extra feed to maintain a 
normal blood glucose concentration. As this baby 
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was detected on clinical grounds, and as the blood 
glucose concentration in all the other infants in this 
birthweight band who developed asymptomatic 
hypoglycaemia rose to normal after a feed, we see 
no point in routinely screening any small for dates 
infants >2-3rd centile for birth weight for hypo- 
glycaemia. Infants above centile, however, 
irrespective of how far they ate above this centile, 
who look wasted and E feed poorly, or 
develop appropriate symptoms, such as apnoea, 
pronounced jitteryness, and fis, should have their 
blood glucose concentration measured promptly. 
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Reduction of skin damage from transcutaneous 
cxygen electrodes using a spray on dressing 


N J EVANS AND N RUTTER 


Dzpartment of Neonatal Medicine and Surgery, City Hospital, Nottingham 


SUMMARY A spray on, copolymer acrylic dressing (Op-Site) was used to limit the skin damage 
ceused by a transcutaneous oxygen electrode and its adhesive ring. Two identical electrodes were 
applied to the abdominal skin of 10 preterm infants, one on untreated skin, the other after 
application of Op-Site. It was found that Op-Site prevented the epidermal damage (as measured 
br transepidermal water loss) that occurs when the adhesive ring is removed from untreated skin. 
It did not interfere with transcutaneous oxygen measurements; absolute values and response 
times were unchanged. Op-Site is therefore useful in preventing the skin trauma that occurs 
wen transcutaneous oxygen monitoring is being performed in preterm infants below 30 weeks’ 
gestation in the first week of life. Care must be taken, however, to prevent a build up of 
Op-Site—it should be applied as a single layer, allowed to dry, and removed after use. 


Skin surface probes are widely used to monitor heart 
raze, respiratory rate, temperature, and blood gases 
insick preterm infants. Such monitoring, though, is 
nct strictly non-invasive. All surface probes need to 
be secured to the skin with adhesive tape, which 
stips off the superficial layer of the stratum 
corneum when it is removed. Although this is of 
lit-le importance in a term infant, it is of tremendous 
importance in the very preterm infant below 30 
weeks’ gestation, whose stratum corneum is thin and 
pcorly developed. Transepidermal water loss in- 
creases, absorption of topically applied chemicals 
occurs more readily, and the stripped area may 
provide a site for the entry of micro-organisms. 
Heated transcutaneous gas electrodes cause the 
most damage to the preterm infant’s skin. The skin 
in contact with the heated electrode suffers the 
changes of an early burn, the surrounding skin is 
damaged by stripping when the adhesive ring is 
removed, and as the electrode site is usually 
changed every four hours a large area of skin is 
sudjected to trauma. The neonatal unit at King’s 
Callege Hospital, London, have used a spray on 
dressing, Op-Site Spray Dressing (Smith and 
Nephew, United Kingdom), to limit the skin dam- 
age caused by transcutaneous oxygen monitoring. 
Op-Site is an acrylic copolymer in an ethyl acetate 
amd acetone solvent, which forms a flexible film 
wen sprayed on to the skin. This film is permeable 


.to water vapour and gases. 
881 


The aim of this study was to see whether Op-Site 
protects the preterm infant’s skin from damage by 
the probe and to examine whether or not it 
interferes with transcutaneous oxygen monitoring. 


Subjects 


Ten preterm infants were studied. Their gestation 
ranged from 26 to 31 weeks (mean (SD) 28-4 (1-8)), 
their birth weight from 950 to 1560 g (mean (SD) 1-2 
(0-26)), and their age from 1 to 7 days (mean 3-8). 
All infants were clinically stable and were studied 
with their mothers’ permission. The study was 
approved by the hospital’s ethical committee. 


Methods 


Investigation of monitor function. Two identical 
transcutaneous oxygen electrodes (Radiometer 
TCM2, Copenhagen, Denmark) were calibrated in 
air at 43°C. They were placed on undamaged skin on 
either side of the upper abdomen of preterm 
infants—one on untreated skin, the other on skin 
sprayed for one to two seconds with a layer of 
Op-Site, which was allowed to dry before appli- 
cation of the electrode. Fifteen minutes after 
application the electrode readings were compared. 
Readings and response times were then compared 
when the infant’s inspired oxygen concentration was 
increased by 20% and then reduced to the original 


ete 
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were measured as 
scutaneous oxygen 


concentration. Response tim 
the time taken for the 

reading to restabilise after the inspired oxygen 
concentration had been changed. The electrodes 
were left in place for four hours while continuous 
transcutaneous oxygen recordings were made. 


Investigation of skin damage. Transepidermal water 
loss in g/m*/h was measured at both skin sites before 
the electrodes were applied using an Evaporimeter 
(Ep 1, Servomed, Sweden) as previously described.” 
Transepiderma! water loss was then measured from 
both sites 30 minutes, four hours, and 12-16 hours 
after removal of the electrodes. Two measurements 
of transepidermal water | were made after 
removal of the electrodes, one from the central area 
of skin in contact with the heated electrode and one 
from the surrounding skin in contact with the 


adhesive ring used to fix the electrode in place. 


Analysis. Statistical analysis was by paired Student’s 
t test and by Mann-Whitney, U test. 


Results 


Transcutaneous oxygen readings were similar from 
both electrodes and showed! no significant differ- 
ence, and the response timesi of the two electrodes 
were identical (Fig. 1). Two |factors, however, did 





Fig. 1 Mean (SD) transcutaneous oxygen tensions 
(TcPO2) (mm Hg) from skin ald with Op-Site (@) and 
untreated skin (O) when the inspited oxygen concentration 
was increased (shaded area) and then decreased (blank 
area). | 


affect the transcutaneous oxygen readings. Trans- 
cutaneous oxygen readings were lower from skin 
that had had several layers of Op-Site applied than 
from untreated skin. In one of the infants studied 
the transcutaneous oxygen tension from the treated 
skin after four Op-Site applications was about 10 
mm Hg lower than at the control site and about, 20 


110 


Te PO? (mmHg) 








Time (rran} 
Fig.2 Transcutaneous oxygen tensions (TcPO2) (mm Hg) 
recorded from one infant when the inspired concentration 
was increased (shaded area) and decreased (blank area). 
Readings from the skin treated with four layers of Op-Site 
(@) were lower than from untreated skin (O). 
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Fig.3 Change in water loss (%) from the central area of 
skin in contact with the heated electrode. The initial high 
water loss in the untreated group was the result of hydration 
of the stratum corneum by the contact solution and not the 
result of epidermal damage. 
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Fig. 4 Change in water loss (%) from the stripped area of 
skiz in contact with the adhesive ring. The persistently high 
waær loss in the untreated group was the result of damage to 
thestratum corneum. 


mm Hg lower when the infant’s inspired oxygen 
corcentration was increased (Fig. 2). It was also 
discovered that if the Op-Site was not allowed to dry 
before the electrode was applied the solvent affected 
the oxygen permeability of the electrode membrane, 
giving falsely high transcutaneous oxygen values. 

The percentage change in transepidermal water 
loss after removal of the electrode was calculated by 
comparison with the transepidermal water loss 
beZore the electrode was applied. Transepidermal 
water loss was high from the central area of skin 
30 minutes after removal of the electrode from the 
un-reated site but not from the site treated with Op- 
Site (Fig. 3), but by four hours the difference was 
small and not significant. Transepidermal water loss 
frcm the skin in contact with the adhesive ring was 
significantly higher from the untreated skin 
compared with the skin treated with Op-Site where 
the rise in transepidermal water loss was small. This 
difference was still present 12-16 hours later 
(Fig. 4). 

There was no difference in the disappearance of 
the central erythema caused by the heated electrode 
at the treated and untreated sites. Only one mild 
first degree burn was seen, and this was on 
untreated skin. 


Discussion 


Op-Site spray dressing, when thinly applied, does 
not interfere with the normal functioning of a 


' transcutaneous oxygen electrode, suggesting that 


the film is readily permeable to oxygen. This is 
consistent with previous unpublished observations 
where we have shown that the thin copolymer layer 
is permeable to water vapour, carbon dioxide, and 
oxygen. In the two studies in which more than one 
layer of Op-Site was applied, however, trans- 
cutaneous oxygen measurements were artificially 
low (as in Fig. 2). 

We were unable to show a protective effect of 
Op-Site on that part of the skin that was in direct 
contact with the heated electrode. 

The transiently high transepidermal water loss 
seen in the untreated skin after removal of the 
electrode is probably due to loss of water from the. 
stratum corneum, which has been hydrated by the 
contact solution. This rapid rate of fall in trans- 
epidermal water loss is seen when other water 
containing preparations are applied to the skin? and 
when the stratum corneum is drying out in the first 
few hours after delivery.* Erythema of the skin was 
mild and transient in both groups, with only one 
minor burn occurring. We noted, though, that 
Op-Site abolishes the sensation of heat when the 
heated electrode is applied to adult skin and it might 
be expected to reduce the incidence of burns that 
are occasionally seen with use of the electrode in 
preterm infants.’ ° 

Op-Site has an appreciable protective effect on 
the skin that is in contact with the adhesive ring used 
to hold the electrode in place. The persistent 
increase in transepidermal water loss seen’in un- 
treated skin is an indication of damage to the 
stratum corneum caused by stripping. No such 
damage occurs with the use of Op-Site. Damage to 
the stratum corneum from stripping is only im- 
portant in infants below 30 weeks’ gestation in the 
early neonatal period as this is the time when the 
epidermal barrier is thin, poorly keratinised,’ and 
readily permeable to water vapour and chemicals.’ 
It has been estimated that in such infants, who often 
have several monitoring probes applied to their skin 
at any given time, 15% of the body’s skin can be 
traumatised by adhesive stripping each day! (assum- 
ing that transcutaneous gas electrodes are moved 
every four hours). Besides increasing difficulties in 
fluid balance and temperature control and the 
increased risk of poisoning from topically applied 
agents, secondary skin Sepsis may occasionally occur 
and it is possible that bacteria can enter the body at 
these sites. 

Is it safe to apply Op-Site to the skin of very 
preterm infants? We observed no local or systemic 
effects, and it is unlikely that the high molecular 
weight acrylic copolymer could be absorbed. The 
solvent quickly evaporates after application of the 
spray dressing, too quickly for absorption to take 
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place. Our study shows that Op-Site protects the 
skin from adhesive stripping without interfering with 
transcutaneous oxygen monitoring and could there- 
fore be used with benefit in the most vulnerable 
infants (below 30 weeks’ gestation and less than | 
week old). The finding that underreading of trans- 
cutaneous oxygen values occurs if several layers of 
Op-Site are interposed between electrode and skin, 
however, is potentially dangerous. To avoid this, the 
following procedure may be followed. The can of 
Op-Site is shaken and then held inverted over the 
skin at a distance of about 10 em. A one to two 
second spray is applied to a circle of skin slightly 
larger than the adhesive electrode ring, using a 
cardboard or plastic template with a suitable hole 
cut in it: this limits the Op-Site to the desired area. It 
must then be allowed to dry for three or four 
minutes before the electrode is appliec. When the 
electrode is removed the copolymer dressing under 
the adhesive ring will be removed with it. Any 
surplus Op-Site can be removed with an isopropyl 
swab. If Op-Site is repeatedly applied and not 
removed several layers of copolymer may be built 
up, which can cause serious underestimation of 
transcutaneous oxygen tensions. 


We are grateful to Dr D Curnock and Professor A Milner for 
allowing us to study infants under their care and to V A Howe Ltd 
(London) for lending us the transcutaneous oxygen monitor. N J 
Evans was supported by a grant from the Medical Research 
Council of Great Britain. We are grateful to Dr Harold Gamsu, 
Consultant Neonatologist at King’s College Hospital, London, who 
suggested that the use of a protective spray on dressing should be 
examined. 
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Abnormal radial artery in Down’s syndrome 
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Department of Paediatrics, 


SUMMARY 


` LAU, AND C Y YEUNG 


Queen Mary Hospital, University of Hong Kong 


Abnormal arterial patterns in the forearm were discovered in 12 of 77 patients (16%) 


with Down's syndrome. Eight patients had an enlarged anterior interosseous artery, the distal 





a 





ion of which was palpable over the dorsum of the hand; in seven it was associated with 
ence of the radial artery and in one it coexisted with the radial and ulnar arteries. Three 


patients had a hypoplastic radial artery and a relatively dominant ulnar artery. One patient had a 
vestigial radial artery that ended as muscular branches in the forearm. The developmental aspects 


of these aberrations are discussed. 


The radial artery in its superficial position on the 
vo ar aspect of the wrist offers a well known access 
for clinical evaluation of the circulation. Its palpable 
pudsation on the radial side of the wrist between the 
flexor carpi radialis tendon medially and the bony 
prominence of the lower part of the radius laterally 
has been remarkably constant, and reports on 
va~“ations are scanty.' ~ Reports on conge nital heart 
diseases in Down's syndrome are ample." “ extracar- 
dize vascular abnormalities, however, have been 
infrequently described, and radial artery aberrations 
haxe not been mentioned. Recent detection of two 
pazents, both with Down’s syndrome and congeni- 
tal heart disease, in whom the radial artery pulsation 
wes not palpable in the usual position over the wrist, 
prompted us to look at the incidence of this 
phenomenon. 


Patients and methods 


From January 1983 to December 1985 a total of 1087 
Chinese children were studied. Of these, 510 were 
otherwise normal children with congenital heart 
disease and 77 were patients with Down’s syndrome 
(40 boys and 37 girls), of whom 50 had congenital 
heart disease. Five hundred normal children without 
heart disease were included as controls. 

Each patient was examined independently by at 
least two paediatricians for the presence of abnor- 
mal arterial pulsations in the hand. The radial and 
ulnar arteries were carefully palpated for on the 
flexor surface of the wrist and distal forearm. 
Patients with previous cannulation of either artery 
were excluded. The radial or ulnar artery was 
considered abnormal if (a) its pulsation was not 


Table Abnormality of the radial artery and associated congenital heart disease in 12 patients with Down’s syndrome 


ran emer 


Case: Sey Age frs} Congenital 
heart defert 
i F 1 Ventricular septal defect 
2 F LEE Ventricular septal defect 
3 F 0-3 Patent ductus arteriosus, 
atria) septal defect 
4 F 5 Ventricular septal defect. 
atrial septal defect 
5 F 2 Ventricular septal defect. 
patent ductus arteriosus 
ú F i0 Normal 
7 F } Atrioventricular canal 
8 F UR Ventricular septal defect. 
patent ductus arteriosus 
% F Ventricular septal defect 
iG F 13 Normal 
H M 7 Normal 
i2 M (3-8 Atniaventricular canal, 


patent ductus arteriosus 








Artery abnormalities Side 

Radial Dorsal 

Absent Present Right $ Len 
Absent Present Right + Left 
Absent Present Left 

Absent Present Right 

Absent Present Right 
Absent Present Right + Lett 
Absent Present Right + Left 
Normal Present Right + Lett 
Hypoplastic Nii Left 
Hypoplastie Nil Right + Left 
Hypoplasic Nal Right + Left 
Vestigial Nal Right + Left 
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palpable and no arterial flow could be recorded with 
a Doppler flow detector in its usual position at the 
wrist, or (b) the radial pulsation was notably weaker 
than that of the ulnar artery. Presence of an 
additional arterial pulsation apart from that of the 
radial or ulnar artery in another position, particu- 
larly over the dorsum of the wrist, was carefully 
looked for. The cardiac anatomy in those with 
congenital heart disease was defined by cardiac 
catheterisation or two dimensional echocardiogra- 
phy, or both. In patients with abnormal arterial 
pulses the arterial pattern of the forearm was 
visualised by contrast injection into the subclavian 
or brachial artery. The subclavian artery was en- 
tered through antegrade or retrograde catheterisa- 
tion of the aorta during cardiac catheterisation. 
The brachial artery was cannulated by percu- 
taneous puncture in one patient with atnoventricu- 
lar canal defect and patent ductus arteriosus before 


Fig. | Normal arterial pattern of the forearm. 
ra= Radial artery, ai=anierior interosseQus artery. 
and ul=uinar artery. 





cardiac surgery for monitoring of blood pressure. 
This method was also used in another patient with 
clinically weak radial artery pulsations and normal 
heart for whom cardiac catherisation was not 
performed. Written consent was obtained from the 
parents after full explanation of the procedure. In 
both subclavian and brachial approaches meglumine 
iothalamate (Conray 280) 0-5 ml/kg body weight was 
injected by hand at 1-2 ml/sec, and the arteniogram 
was recorded with cinematography. A subclavian 
arteriogram was performed during cardiac 
catheterisation in 10 patients with congenital heart 
disease but no clinical abnormalities of the radial or 
ulnar artery pulses for comparison. 


Results 


In none of the normal children with or without 
congenital heart disease was an abnormal artery 
detected clinically. On the other hand, 12 patients 
(16% ) with Down's syndrome were found to have 
abnormal arteries in the wrist. 


Nine were seen 
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Fig. 23 Right (A) and left (B) forearm of patient with 
absent radial artery and enlarged anterior interosseous 
artery (ai). ul= Ulnar artery. 
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among the 50 cases (18%) with congenital heart 
disease and three among the 27 (11%) with normal 
hearts; there was no statistical difference between 
the two groups (y° test) Girls were predomin- 
andy affected, comprising 10 of the IZ cases 
(Q4)5> p> 0-01). The Tabie lists the nature of the 
arterial abnormalities detected and the associated 
congenital heart diseases. 

“igure 1 shows the normal artenal pattern in the 
forearm in patients with normal radial and ulnar 
pudsations in the wrist. The radial artery ts larger 
than the ulnar artery and the anterior interosseous 
artery is a relatively small artery that takes its origin 
frcm the ulnar artery and tapers towards the wrist. 

“our types of clinical-angiographic abnormalities 
of the forearm arteries were observed in patients 
wich Downs syndrome. These were as follows. 





Abnormal radial artery in Down's syndrome 


Fiz. 3 Anteroposterior (A) and lateral (B) view of patient with large anterior intercsseous artery (at) present together 
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(1) The most commonly encountered abnormality 
was an absent radial artery pulsation in the usual 
position over the wrist but presence of a strong 
arterial pulsation over the dorsum in the lowermost 
portion of the forearm, which could be followed 
caudally over the dorsal aspect of the wrist to enter 
the first dorsal interosseous muscle. This pattern 
was seen in seven of the 12 cases. Angiography 
showed absence of the radial artery and an enlarged 
anterior interosseous artery in these patients 
(Fig. 2). 

(2) In one patient the dorsal artery was present 
together with the rad:al and ulnar arteries (Fig. 3). 
The radial artery, however, did not course round the 
wrist to the back of tae hand as it usually behaves. 

In both the above groups the dorsal artery 
represents the distal portion of the anterior interos- 









with the radial (ra) and ulnar (ul) arteries. The anterior interosseous artery appears an the back of the hand instead of 


the radial artery. 
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seous artery, which runs down the flexor surtace of 
the forearm and. when near the wrist. turns dorsally 
to appear over the back of the hand where it takes 
over the function of the radial artery (Fig. 3 (B)). 

(3) Three patients had a weak radial artery 
pulsation in the normal position and a strong ulnar 
artery pulsation. Angiography in two confirmed a 
small radial and a relatively large ulnar artery 
(Fig. 4). 














rig. 4 Small radial (ra) and large ulnar (al) artery in 
ane patient. Note rather lateral course of the ulnar artery 
in the forearm in this patient. ai= Anterior interosseous 
artery. 


(4) In one patient the radial artery was absent and 
was not replaced with a dorsal artery. A brachial 
arteriogram showed a vestigial radial artery, which 
ends as fine muscular branches in the forearm (Fig. 
5). The anterior interosseous artery was not hyper- 
trophied, 








Fig. 5 
terminating in muscles of forearm. Normal ulnar (ul) 


Forearm of patient with vestigial radial (ra) artery 


and anterior interosseous fai) artery. C=Cannula. 


The arterial abnormality was seen on both right 
and left hands in eight patients and was unilateral in 
four. When present on both sides the same type of 
abnormality was observed. There was no predilec- 
ton for any particular type of congenital heart 
cisease. 


Discussion 


Congenital heart disease is present in 40% (range 
771%) of patients with Down’s syndrome? 7 ë the 
commonest anomaly being an atrioventricular de- 
fect or ventricular septal defect. Abnormalities of 
tie great vessels are uncommon. Coarctation of the 
aorta occurs in less than 1% of the congenital heart 
ciseases seen in patients with Down's syndrome*® 
compared with 5-8% in normal children.’ * An 
aberrant right subclavian artery originating from the 
cescending aorta is probably more common in 
patients with Down's syndrome. with reported 
iicidence varying from 2-5 to 37-5%, whereas it 
cecurs in less than 10% of normal children with 
congenital heart disease and 0-5% of the general 
population.’ ‘” This aberration was present in seven 
(14%) of our 50 patients with Down's syndrome 
with abnormal hearts. Other congenital vascular 
anomalies have not been reported. We were the first 
to describe abnormalities of the radial artery in 
Down's syndrome, being present in 18% of those 
patients with congenital heart disease and in 11% of 
taose with normal hearts. 

The radial artery normally originates from the 
trachial artery in the antecubital fossa and runs 
tetween the brachioradialis muscle and the flexor 
cigitorum sublimis and flexor pollicis longus muscles 
tp to the wrist where it becomes palpable between 
tne tendon of the flexor carpi radialis muscle and the 
lateral prominence of the radius. Just beyond the 
a@yloid process of the radius it curves to the back of 
the hand over the lateral ligaments of the wrist joint 
end underneath the tendons of the abductor pollicis 
longus and extensor pollicis bravis muscles. It then 
passes between the heads of the first dorsal interos- 
seous muscle into the palm to form the deep palmar 
érterial arch. Fowler, in his classic text on cardiac 
clagnosis, has mentioned that ‘impairment of the 
radial pulse is commonly caused by an aberrant 
course of the artery so that it is deep and not readily 
palpated."'' A deep lying, non-palpable radial artery 
has also been suggested by other authors on clinical 
examination of the cardiovascular system.’ 
Searching through the published reports on anatomy 
of the radial artery, however, yields no description 
of such an aberrant route of the radial artery in the 
forearm. The location of the ulnar artery pulsation 
in the wrist between the palmaris longus tendon and 
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the pisiform bone is even more constant, and no 
deviation has been reported. 

An abnormal course of the radial artery in the 
wrist running above instead of deep to the tendons 
of the abductor pollicis longus and extensor pollicis 
brevis on passing to the back of the hand has been 
described in five of 750 hards (0-7%) by 
McCormack." Keen!® found three among 284 hands 
(1%) in which the radial artery becomes superficial 
in the middle of the forearm, travelling across the 
surface of the brachioradialis muscle, and runs down 
in the superficial fascia to the wris: where it enters 
the first dorsal interosseous space in the usual 
manner. A superficial radial artery is also seen as a 
continuation of a ‘superficial brachal artery’, which 
takes its origin from the axillary artery or as the 
major branch of the brachial artery in the arm and 
travels superficially downwards. This superficial 
brachial and radial artery was present in 1-2% of 
McCormack’s dissections. !7 

Eight of our patients had a superficial artery over 
the back of the wrist, but none of them seemed to 
bear the superficial or aberrant course of the radial 
artery described above. The dorsal artery seemed to 
emerge from beneath the extensor muscles in the 
distal forearm rather than across and over the 
brachioradialis muscle or the extensor tendons of 
the thumb. Angiographically, it seemed to be a 
direct continuation of the anterior interosseous 
artery, which travels between the radius and ulnar 
bones and then turns dorsally near the wrist to 
appear in the back of the hand. The radial artery 
was completely absent in seven and present in 
normal calibre in one patient. The anterior interos- 
seous artery is indeed the most primitive axial vessel 
of the forearm and is the first to develop in the 
human embryo, in which it runs down the forearm 
and passes through the carpus to terminate on the 
dorsum of the hand." '” This course of the vessel is 
still seen in the duck billed platypus (Ornithorhyn- 
chus). Thus it is reasonable to consider the abnor- 
mality seen in these patients as developmental 
absence of the radial artery and persistence of an 
embryologically dominant anterior interosseous 
artery, which in tts distal portion takes over the 
function of the former. 

Absence of the radial artery has hardly been 
reported. Charles and Chhatrapati have each de- 
scribed a case in which the lower end of the anterior 
interosseous artery took the course of radial at the 
wrist and into the hand as the deep palmar arterial 
arch.'* © Not a single case was fcund in a total of 
1750 dissections of the hand carried out by McCor- 
mack, Coleman, and Motamed.'? '° V Our patient 
with vestigial radial artery resembles the case 
described by Chhatrapati, whose dissection showed 
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the brachial artery divided iho a larger branch, 
which was the ulnar artery, and a smaller branch, 
which was thin and short and e ded in the substance 
of the brachioradialis muscle. Diminutive as the 
artery was in both cases, it showd in fact represent a 
partially developed rather than absent radial artery. 

Three of our patients showed a weak radial and a 
relatively strong ulnar artery pulsation, which was 
confirmed by a larger ulnar artery on angiography. 
A large radial artery in the human being is an 
evolutionary achievement in the development of the 
hand. In lower primates like the apes and gibbons, 
which are adept at climbing, supination and prona- 
tion of the hand are fairly free. The ulnar artery, 
being on the fixed side of the forearm, is the larger 
vessel, while the radial artery jis generally smaller 
because constant rotatory movements of the radius 
will not facilitate flow through this vessel. In 
baboons, on the other hand, with their quadrupedal 
walking behaviour and less twisting movements of 
the wrist, the radial artery is larger than the ulnar. In 
the intermediate simian primates the two vessels are 
equal in size.” 

The four types of abnormalities of the arteries in 
the forearm observed in our 12 patients seem to 
represent a range of developmental primitiveness in 
the formation of the arteries| of the forearm in 
Down’s syndrome. The anterior interosseous artery 
remains as the dominant vessel of the forearm when 
the radial artery fails to develop. In a single patient 
the anterior interosseous artery has persisted and 
shared codominance with the radial and ulnar 
arteries at the wrist. A vestigial or small radial artery 
compared with the ulnar artery represents an arrest 
at different stages of its development. 

Patients with Down’s syndrome are more likely to 
have congenital heart di requiring surgical 
correction. Arterial cannulation for monitoring of 
the blood pressure is commonplace during the 
perioperative period. An abnormal radial artery in 
the wrist should be carefully looked for and cannula- 
tion of this vessel or the ulnar artery should best be 
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avoided less circulation to the hand be compro- 


References 


' Davies DY, Coupland RE. Gray’s anatomy. Mth ed. London: 
Longmans, 1967:829-30. 


-? Romanes GJ, Cunningham's textbook of anatomy. 12th ed. 


Oxford: Oxford University Press, 1981:880-2. 

3 Greenwood DG, Nadas AS. The clinical course of cardiac 
disease in Down’s syndrome. Pediatrics -1976;58:893-7. 

4 Rowe RD, Uchida IA. Cardiac malformations in mongolism: 

prospective study of 184 mongoloid children. Am J Med 
1961 531:726-335. - 

5 Laursen HB. Congenital heart disease in Down’s syndrome. Br 
Heart J 1976:38:32-8. 

6 Park SC, Mathews RA, Zuberbubler JR, et al. Down syndrome 
with congenital heart malformation. Am J Dis Child 
1977;131:29-33. 

7 Keith JD, Rowe RD, Vlad P. Hami deie a ano ind 
childhood. 3rd ed. New York: Macmillan Publishing Co, 1978. 

8 Nadas AS, Fyler DC. Pediatric cardiology. 2nd ed. Philadelphia: 
W B Saunders, 1972. 

® Goldstein WB. Aberrant right subclavian artery in mongolism. 
American Journal of Roentgenography 1965;95:13-6. 

10 Klinkhamer AC. Esophagography in anomalies of the aortic arch 
system. Amsterdam: Excerpta Medical Foundation, 1969. 

n Fowler NO. Cardiac diagnosis and treatment. 2nd ed. Maryland: 
Harper and Row Publishers, 1976:39. 

12 Chamberlain EN, Ogilvie CM. Symptoms and signs in clinical 
medicine. Bristol: John Wright and Sons, 1967:154. 

3 McCormack LJ, Cauldwell EW, Anson BJ. Brachial and - 
antebrachial arterial patterns, a study of 750 extremities. Surg 
Gynecol Obstet 1953;96:43-54. 

Charles JJ. A case of absence of the radial artery. Journal of 
Anatomy and Physiology 1894;28:449. 

5 Chhatrapati DN. Absence of radial artery. Indian J Med Sci 
1964;18:462-5, 

16 Coleman SS, Anson BJ. Arterial patterns in the hand based- 
upon a study of 650 specimens. Surg Gynecol Obstet 
1961;113:409-24. 

 Motamed HA. Anatomy, radiology and kinesiology of the hand 
unit, Chicago: Motamed Medical Publisher, 1982. 

IE Keen JA. A study of the arterial variations in the limbs, with 
special reference to symmetry of vascular patterns. Am J Anat 
1961;108:245-61. 

? Manners-Smith T. The limb arteries of primates. Journal of 
Anatomy and Physiology 1910;45:23-64. 


Correspondence to Dr R NS Lo, Department of Pediatrics, Queen 
Mary Hospital, Pokfulam Road, Hong Kong. 


Received 13 May 1986 


E 


x 


A-~-chives of Disease in Childhood, 1986, 61, 891-895 


Effect of caffeine on pneumogram and apnoea 
ci infancy : 
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SLMMARY We studied the efficacy of caffeine in improving pneumogram abnormalities. and 
relieving clinically important apnoea of infancy in 23 infants. After obtaining a 12 hour pneumo- 
gram we administered caffeine citrate in a loading dose of 20 mg/kg followed by 5 mg/kg once 
dzily. This dose achieved a trough caffeine blood concentration of 9-6 (SD 2-0) pg/ml. A repeat 
preumogram performed seven to 10 days after the first, pneumogram showed a significant 
reduction in the number of short and prolonged attacks of apnoea as well as in the per cent 
periodic breathing and apnoea density. Episodes of prolonged apnoea disappeared in all infants 
afer administration of caffeine and in 11 infants all pneumogram abnormalities resolved. This 
im’ provement in the results of pneumograms was associated with resolution of clinically important 
apnoea requiring intervention. Caffeine was administered for 3-4 (SD 1-3) months and was well 
to.erated by all except two infants. We conclude that treatment with caffeine is kelpful in pre- 
venting attacks of apnoea that require intervention, and improvement in the results of pneumo- 


grams after administration of caffeine predicts this favourable response. 


Apnoea has been recognised as a major problem in 


- mény preterm and some full term infants before 


discharge from the nursery. * Evaluation in these 
infants usually fails to identify any underlying cause 
for the attacks of apnoea. Prolonged attacks of 
apnoea, especially in premature infants, are 
apparently not predictive of sudden infant death 
syndrome? ? but are often perceived by parents and 
physicians as a life threatening event with a risk of 
recurrence. Home monitoring has therefore been 
Suggested in the management of these infants with 
un2xplained apnoeic or cyanotic episodes.4° In 
addition, treatment with theophylline has also been 
found to be an effective adjunct in the care of these 
infants.° 7 Apnoea of prematurity can be treated 
with caffeine,® which has a wider safety margin than 
theophylline. 9 While the two abnormalities in the 
cogtrol of ventilation—that is, apnoea of prema- 
tunity and persistent infantile apnoea—may result 
frem different mechanisms, we hypothesised that 
caffeine may be better suited for home use. As no 
systematic evaluation of caffeine has been per- 
formed in home circumstances we decided to 
evaluate the effect of home administration of 
caffeine on breathing patterns as measured by 12 
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hour pneumogram and on the incideace of clinically 
important apnoea. 


Subjects and methods 


We studied 19 preterm infants ready for discharge 
from the newborn nursery who were suffering from 
clinically important apnoea. We defined clinically 
important apnoea as a respiratory pause of at least 
20 seconds in duration or less if accompanied by 
cyanosis or bradycardia.* We also studied four full 
term infants with clinically important apnoea, two of 
whom developed apnoea while they were still in the 
newborn nursery and two at home. Initial evaluation 
focused on the exclusion of the following medical 
conditions known to cause apnoea: infection, 
hypoglycaemia, hypocalcaemia, electrolyte im- 
balance, seizure disorder, gastro-orsophageal re- 
flux, intracranial abnormalities, and congenital and 
chromosomal anomalies when app-opriate. If an 
underlying cause for apnoea was identified 
appropriate treatment was begun. Infants with 
unexplained apnoea, requiring manual stimulation 
or bag and mask ventilation to terminate an episode 
of apnoea, were considered appropriate candidates 
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for home monitoring and treatment with caffeine 
and formed the subjects for |this study. 

Caffeine was administered orally as caffeine 
citrate in a loading dose of 20 mg/kg followed by a 
maintenance dose of 5 mg/kg once daily. Main- 
tenance caffeine was started 24 hours after the 
loading dose. We measured caffeine trough concen- 
tration in the blood (half tojone hour before the 
dose) after five to seven days of treatment. Caffeine 
dosage was adjusted to maintain a blood concentra- 
tion of 6-15 ug/ml. 

We obtained 12 hour pneumogram recordings 
before and seven to 10 days after administration of 
caffeine. Subsequent pneumdgrams were obtained 
as clinically indicated. Pneumograms are two 
channel, slow speed recordings; one channel for 
electrocardiogram and one for respiratory pattern, 
as detected by thoracic impedance. The pre-caffeine 
pneumopgram was performed im the hospital and the 
post-caffeine recording at hame. 

We used Medical Graphics Corporation (MGC) 
System 5000 to analyse the results of our pneumo- 
grams. The MGC Computer Assisted Pneumogram 
provides a scoring system,’on a breath by breath 
basis, as a summary report and graphic display of 
apnoea, bradycardia, and periodic breathing. The 
computer system is capable of analysing the pneumo- 
gram in greater detail than is possible manually, and 
observer bias in analysis is eliminated. We visually 
checked ‘the electrocardiogram and respiratory 
pattern tracing for artefacts and excluded all 
portions of the tracings with artefacts from analysis. 
As no control data for pnéumogram analysis in 
premature infants using C System 5000 is 
available we also studied 15 infants with a birth 
weight of 1620 (SD 320) g and gestational age of 
32-2 (SD 1-5) weeks at a postnatal age of 5-7 (SD 
2°3) weeks, who were ready for discharge from the 
newborn nursery and had not had any attacks of 
apnoea. 

We defined periodic breathing as three or more 
respiratory pauses of three nds or longer inter- 
rupted by respiration for less than 20 seconds. The 
per cent periodic breathing was calculated by divi- 


Table 1 Clinical characteristics 


Full term infant 


No 4 
Birth weight (g) 2800 (430) 
Gestational age (weeks) i 
Weight at first phonocardiogram (kg) 4-0 @-4) 
Postnatal age at first 

phonocardiogram (weeks) 2-0 (1-5) 
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ding the number of minutes of periodic breathing by 
the number of minutes of sleep time. We defined 
apnoea density as time spent in apnoea (duration of 
over six seconds) for each 100 minutes of sleep time. 
All study infants were discharged home on car- 
diorespiratory monitors, which detect heart rate by 
the electrocardiographic signal and respiration by 
the impedance signal. The monitor has an alarm for 
attacks of apnoea as well as of bradycardia and 
tachycardia. In addition, the monitor has an audible 
beep and a flashing light to indicate the instan- 
taneous heart rate and another light to indicate 
loose leads. We set the respiratory alarm to sound at 
15 seconds of apnoea, the bradycardia alarm at 
heart rate less than two thirds of the baseline, and 
the tachycardia alarm at heart rate over 180 beats/ 
min. All parents were given instruction in the use of 
the monitor and cardiopulmonary resuscitation. 
Parents were also instructed to maintain a diary of 
all alarms and interventions undertaken by them. 
We interviewed all parents in the neonatal follow up 
clinic to assess any complications related to the use 
of caffeine as well as the details of any attacks of 
apnoea or intervention reported by them. 
Results are expressed as mean (SD). We used the 
Wilcoxon signed rank test to analyse the difference 
in the breathing pattern before and after administra- 
tion of caffeine and the Wilcoxon rank sum test to 
compare control infants and infants with attacks of 
apnoea, which are distribution free methods (as the 
variables analysed are often not normally distri- 
buted). Categorical data were evaluated by x° test. 
Results were considered significant if p<0-05. 


Results 


Clinical characteristics of our study infants are 
shown in Table 1. Response to caffeine was similar 
in the two groups so the pneumogram results have 
been combined in Tables 2 and 3. Caffeine steady 
state blood concentration before the second 
pneumogram was 9-6 (2-0) pg/ml. 

Total number of apnoeic episodes recorded on the 
12 hour pneumogram performed before and after 


of the study infants, Values are mean (SD) 


Preterm infants 
Controis With atecks of apnoea 
15 19 
1620 (320) 1600 (600) 
32-2 (1-5) 32-0 (2-6) 
2-1 (1-2) 2-2 (1-1) 
5:7 (2-3) 5-0 (3-2) 
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Table 2 No of apnoeic episodes in control group and infants with apnoea 


Control group (n=15) 


Curation of attack of apnoea (secs): 
5-6 


6 (5) 
-10 1 (2) 
11-15 0 
. >15 0 
% Periodic breathing 0-3 (0-4) 
Apnoca density O1 (0-1) 


Infants with apnoea (n=23) 


Before caffeine After caffeine 
67 (54) 22 (31)* 
34 (35) 9 ant 

7 (19) 2 (0 

8 (2) 0° 

4-4 (4-2) 1:2 (2-0)* 
1-0 (0:9) 0-3 (0-5)* 


*zignificant difference (p<0-05) in infants with appoca in relation to treatment with caffeine. 


administration of caffeine is shown in Table 2. Also 
contrasted in this Table are the pneumogram 
fndings of normal premature infants before dis- 
charge from the newborn nursery. There was a 
s gnificant difference between the control group and 
infants with attacks of apnoea before treatment with 
caffeine in all categories studied except for attacks 
cf apnoea lasting 11-15 seconds. In infants with 
attacks of apnoea administration of caffeine was 
associated with a significant reduction in the total 
number of attacks in all categories analysed except 
for attacks lasting 11-15 seconds. Prolonged 
actacks (over 15 seconds in duration) or attacks 
associated with bradycardia were not seen after 
administration of caffeine. In addition, per cent 
periodic breathing and apnoea density were also 
significantly reduced. In comparison with the 
control group, infants with attacks of apnoea after 
administration of caffeine continued to have a 
significantly higher number of attacks in the 5-6 
second category of apnoea. In all other categories of 
apnoea, per cent periodic breathing, and apnoea 
density, however, the control group was not signi- 
feantly different from the group with attacks of 
apnoea after treatment with caffeine. 

The number of infants with one or more attacks of 
apnoea before and after administration of caffeine 
as recorded on the pneumograms is shown in Table 
3 Eleven infants became free of attacks of apnoea 
ater administration of caffeine. Twelve infants 
continued to have short attacks, none of whom, 
however, had prolonged attacks (over 15 seconds in 
duration) or attacks associated with bradycardia. 
Also shown in Table 3 is the number of infants with 
periodic breathing in excess of 3-5% and apnoea 
density in excess of 1-5% in relation to treatment 
with caffeine. While these cut off values for ex- 
cessive periodic breathing and apnoea density are 
not totally discriminative, infants with apnoea of 
imfancy generally have values above and normal 
infants below these cut off values.!° H! The reduction 
in the number of infants with attacks of apnoea in all 
categories and excessive periodic breathing after 


adminsitration of caffeine is significant except for 
attacks lasting 11-15 seconds. The reduction in the 
number of infants with apnoea density over 1-5% in 
relation to administration of caffeine is not signifi- 
cant. 

Home evaluation of our study infants showed that 
false alarms on the monitors were common. These 
alarms were related to loose leads and short 
episodes of bradycardia lasting less than 3-3 seconds 
(perhaps related to transient vagal stimulation). 
None of our study infants, however, had prolonged 
attacks of apnoea (over 15 seccnds) or. attacks 
associated with colour change or bradycardia requir- 
ing intervention (manual stimulation or mouth to 
mouth ventilation) while on caffeine. Two infants 
became irritable, restless, and jittery after starting 
treatment with caffeine. These symptoms resolved 
after stopping treatment with caffeine, and subse- 
quently theophylline was well tolerated by them. 
Theophylline was administered to these infants one 
to two weeks after the second pneumogram and so 
did not affect the pneumogram analysis. The re- 
maining 21 infants received caffeine for 3-4 (1-3) 
months. Seventeen infants had no obvious harmful 
effects related to caffeine. Four infants were judged 
by their parents to be somewhat more irritable and 
restless while on caffeine. Their daily activity, sleep, 


Table 3 No of infants with breathing pattern abnormalities 
before and after treatment with caffeine 


Breathing Before After 
pattern caffeine caffeine 
No apnoca Q 11° 
Duration of attack i 

of apnoea (secs): 

24 11* 

7-10 21 12° 

11-15 7 2 

>15 7 0° 
% Periodic breathing 

>3-5 14 2 
% Apnoea density 

>13 8 3 
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and feeding patterns, however, were not altered. 
Caffeine blood concentrations did not correlate with 
symptoms and none of the infants had a blood 
concentration over 16 ug/ml. 


Discussion 


Most parents display anxiety at the prospect of 
caring for their infants who suffer from attacks of 
apnoea at home. Home monitoring is currently an 
accepted way of managing infants with attacks of 
apnoea. The ability of anxious parents to deal with 
an attack of apnoea detected by the monitor is, 
however, variable. Infants have been known to die 
of sudden infant death syndrome at home while 
being monitored.'? Death at home in these moni- 
tored infants may be due either to the fact that 
sudden infant death syndrome is not preventable or 
to the inability of the parents to provide adequate 
resuscitation. Implicit in the home monitoring of 
infants with attacks of apnoea is the idea that 
parents can learn the skills of resuscitation and 
execute them when needed. To date this assumption 
is untested and unproven. It is important. therefore, 
to prevent prolonged attacks of apnoea at home that 
may require intervention. 

Respirogenic properties of the methylxanthines, 
particularly caffeine, have been known for a long 
time. The exact site and mechanism of action, 
however, have not yet been clearly defined. Methyl- 
xanthines augment central inspiratory drive and 
increase chemoreceptor sensitivity to carbon 
dioxide.” Others factors that may facilitate this 
anti-apnoeic effect of methylxanthines include im- 
proved skeletal muscle contraction,' potentiation 
of catecholamine response,’* improved metabolic 
homeostasis,” and improved oxygenation secon- 
dary to increased cardiac output, increased ventila- 
tion, and decreased hypoxic episodes. '° Our results 
indicate that caffeine can be safely administered to 
most of these infants with attacks of apnoea. None 
of our infants developed clinically important apnoea 
requiring intervention while on caffeine. Thus our 
results are in agreement with Murat et al, who have 
shown caffeine to be efficacious in recurrent 
idiopathic apnoea of prematurity in the immediate 
neonatal period. The long term harmful effects of 
caffeine, if any, are, however, unknown. It is 
prudent, therefore, not to use caffeine unnecessarily. 

Pneumograms have been extensively used to 
evaluate infants at risk for sudden infant death 
syndrome. Recent data indicate that pneumogram 
findings are not very helpful in predicting the risk 
for sudden infant death syndrome.’ Pneumogram 
findings may be quite helpful, however, in predict- 
ing the risk for prolonged sleep apnoea, Stein- 


schneider has shown that infants with prolonged 
sleep apnoea have, during a single nap, more 
frequent and longer apnoeic pauses and more 
periodic attacks compared with normal infants.'’ 
Hunt et al have shown that home pneumograms can 
differentiate infants with prolonged attacks of 
apnoea from normal infants with 80% accuracy.’ 
Our results indicate that improvement in pneumo- 
gram abnormalities with administration of caffeine 
is associated with resolution of prolonged attacks 
requiring intervention, Thus pneumogram abnor- 
malities in conjunction with response to caffeine can 
be used to identify infants who are likely to benefit 
from administration of caffeine. 

All of our study infants suffered from clinically 
important apnoea requiring intervention. Conse- 
quently, we were unable to control the environment 
in which our pneumograms were performed as this 
would have necessitated an additional seven to 10 
days of admission to hospital. Our first pneumogram 
before administration of caffeine was performed in 
the hospital, while the second pneumogram after 
caffeine was performed at home. The effect of 
environmental changes on pneumogram findings 1s 
unknown. Our two measures of short attacks of 
apnoea, the per cent periodic breathing and apnoea 
density, should be similar as they are controlled by 
sleep time. Prolonged attacks of apnoea, on the 
other hand, may occur more often at home because 
of the quieter home environment. Our results are, 
however, contrary to this expectation and may be 
attributed to the administration of caffeine. Our 
results can also be criticised because we did not 
control for the maturational effect of the time 
interval of seven to 10 days between our first and 
second pneumogram. Sequential pneumogram 
changes have been studied by Richards et al and 
Hunt er al.” '! These authors, however, studied only 
healthy full term infants at intervals of six weeks to 
three months, which makes comparison with our 
study difficult. Kelly et al have shown that repeat 
pneumograms after 5-7 (2-7) days in 11 infants, 
before treatment with a methylxanthine, did not 
result in resolution of excessive periodic breathing." 
In addition, Hunt et al have shown a significant 
difference in pneumogram abnormalities between 
infants with attacks of apnoea studied at 7-7 (7-1) 
weeks compared with control infants at 1 and 3 
months of age.'! From these studies we conclude 
that infants with attacks of apnoea have persistent 
breathing pattern abnormalities that are not likely to 
resolve spontaneously within seven to 10 days. This 
conclusion is supported by the findings in two of our 
study infants who developed side effects from 
treatment with caffeine that necessitated stopping 
this drug after one week in one infant and two weeks 
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in the other. Both of these infants had a recurrence 
of apnoea requiring intervention. 


In conclusion, our data show that caffeine im- 


proves pneumogram abnormalities in infants suffer- 
inz from attacks of apnoea. In addition, this 
ur provement in pneumogram findings is associated 
wath resolution of clinically important apnoea re- 
quiring intervention. 


The authors gratefully acknowledge the technical help provided by 
Sheila Bereheiko and Kathy Smith. 


Re-erences 


i 


th 


Sat 


+ 


Southall DP, Richards JM. Rhodes KJ, er al. Prolonged apnea 
and cardiac arrhythmias in infants discharged from neonatal 
Atensive care units: failure to predict an increased risk for 
sudden infant death syndrome. Pediatrics 1982-:70:844-51. 
Richards JM, Alexander JR. Shinebourne EA, et al. Sequential 
22-hour profiles of breathing patterns and heart rate in 110 full 
term Infants during their first 6 months of life. Pediatrics 
1984 :74:763-77. 

Southall DP, Richards JM, de Swiet M, ef al. identification of 
afants destined to die unexpectedly during infancy: evaluation 
of predictive importance of prolonged apnoea and disorders of 
zardiac rhythm and conduction. Br Med J 1983,286:1092-6. 
Task Force on Prolonged Infantile Apnea of The American 
Academy of Pediatrics. Prolonged infantile apnea: 1985. Pediat- 
“ics 1985;76:129-31. 

“oundation for the Study of Infant Death and The British 
Respiratory Group. Apnoea monitors and sudden infant death. 
Arch Dis Child 1985;60:76-80. 

<elly DH, Shannon DC. Treatment of apnea and excessive 
periodic breathing in the full-term infant. Pediatrics 1981,68: 
183-6. 


7 


9 


if} 


oe 
we 


— 
fe 


Hunt CE, Brouillette RT, Hanson D. Theophylline improves 
pneumogram abnormalities in infants at risk for sudden infant 
death syndrome. J Pediatr 1983,103:969-74, 

Murat 1, Moriette G, Bliss MC, er al. The ecficacy of caffeine in 
the treatment of recurrent idiopathic apnea in premature 
infants. J Pediatr 1981-99:984-9. 

Aranda JV, Tirmen T. Methylxanthines tn apnea of prema- 
turity. Clin Perinatol 1979;6:87-108. 

Kelly DH, Stellwagen LM, Kaitz E, Shannon DC. Apnea and 
periodic breathing in nermal full term infents during the first 
twelve months. Pediatric Pulmonology 1985:1:215-9. 

Hunt CE, Brouillette RF, Hanson D, et af. Home pneumograms 
in normal infants. J Pediatr 1985,106:551-5. 

Kelly DH. Incidence cf severe apnea ard death in infants 
identified at high risk for sudden infant death syndrome. In: 
Tildon JT, Roeder LM. Steinschneider A, eds. Sudden infant 
death syndrome. New ‘York: Academic Press, 1983:607-13. 
Aubier M, Murciano D, Viiries N, er al. Diaphragmatic 
contracuhty enhanced ty aminophylline: role of extracellular 
calcium. J Appi Physiof 1983:54:460-4. 

Rall TW, West TC. The potentiation of cardiac inotropic 
response to norepinephrine by theophylline. J Pharmacol Exp 
Ther 1963;139:269-74. 

Aranda JV, Dupont C. Metabolic effects of methylxanthines in 
premature infants. J Pediatr 1976;89:833-4. 

Rall TW. Central nervous system stimulants. 2. The xanthines. 
In: Goodman LS, Gilman A, eds. The pharmacological basis of 
therapeutics, 7th Ed. London: MacMillan, 1985:589-603. 
Steinschneider A. Prolonged sleep apnoea and respiratory 
instability: a discriminative study. Pediatrics 1977;59:962-70. 


Correspondence to Dr M Anwar, St Peter’s Medical Center, New 
Brunswick, NJ 08903, United States of America. 


Received 21 May 1986 


Archives of Disease in Childhood, 1986, 61, 896-899 


Neonatal intestinal lactase activity 
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SUMMARY The sequential changes in intestinal lactase activity of 40 neonates were measured 
indirectly from the differential uptake and excretion of lactose and the non-metabolisable 
disaccharide lactulose contained in formula feeds. A daily decline in urinary lactose:lactulose 
excretion ratios, reflecting a rise in intestinal lactase activity, followed formula feeding. 
Percentage decline was related directly to gestation: full term infants displayed a fivefold greater 
decline in Jactosuria than infants with a gestation of 28 weeks during the first 10 days of milk 
feeding. The difference between lactose:lactulose ingestion and excretion ratios suggests that 
within five days of starting feeds intestinal hydrolysis of lactose exceeds 98% efficiency, even in 


very preterm infants. 


Intestinal lactase activity is detectable in the fetal 
gut as early as eight weeks’ gestation, occurring 
coincidentally with the previllous ridges.’ Measure- 
ments of lactase activity from|tissue obtained from 
aborted fetuses, stillbirths, and after unfed neonatal 
deaths have been reported.” Mucosal enzyme activi- 
ties rise gradually between èight and 34 weeks’ 
gestation and then more rapidly to term. Using 
indirect methods, a postnatal fise in lactase activity 
after beginning oral feeding in |both preterm and full 
term newborn has been described.? 

Such findings are reflected by the lactosuria 
observed during the neonatal period. A proportion 
of unhydrolysed lactose may be passively absorbed 
and excreted intact in the urine. Although the 
degree of lactosuria seems to be inversely related to 
gestational age at birth, and hence may mirror 
mucosal lactase activity,” the} capacity of the neo- 
natal gut to absorb disaccharide intact is also 
affected by its permeability characteristics.° 

The use of the unmetabolisable reference dis- 
accharide lactulose,’ composed of fructose and galac- 
tose, offers a method of studying sequential changes 
in intestinal lactase activity as reflected by the 
quantity of lactose compared with lactulose occur- 
ring in the urine of infants fed/milk containing these 
two enzymes. Both sugars haye the same molecular 
weight (342 daltons) and size (0-52 nm) and share 
the same pathways of passive uptake. Less than 5% 
of oral loads of lactulose are absorbed in the 
newborn. è . 

The aim of this study was tq follow the sequential 
change in intestinal lactase activity in a group of 
newborn infants being fed formula during the first 


10 days of life, examining in particular its relation to 
postconceptional and postnatal ages. 


Patients and methods 


Forty newborn infants were studied for the first 10 
days of life. All were patients of a single maternity 
hospital in Newcastle and received standard neo- 
natal care throughout the study, which was per- 
formed with the informed consent of the parents and 
approval of the local ethical committee. The weights 
of the infants ranged from 760 to 4360 g and 
gestational ages from 27 to 42 weeks at birth. 

All infants received an artificial milk formula 
containing 7 g lactose and 200 mg lactulose per 100 
ml feed (lactose:lactulose ingestion ratio of 35:1). 
This lactulose content ts well within that already 
present in several ready to feed formulas,? and no 
adverse effects were observed. Those babies whose - 
oral feeding was delayed because of prematurity or 
respiratory disease received 10% dextrose in- 
travenously until oral feeding began. Milk feeds 
were given by orogastric tube or bottle according to 
the infant’s gestation and condition, but no baby’s 
first feed was delayed longer than four days after 
birth. No infant suffered severe birth asphyxia. 
Seven infants required assisted ventilation for res- 
piratory distress syndrome and 23 phototherapy for 
hyperbilirubinaemia. 

A dual marker steady state method of study was 
used.° $ Infants received regular and continuous test 
feeds. After 24 hours, when a steady state of sugar 
input and output had been reached, a random urine 
sample was collected daily for the first two weeks of 
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life from the preterm infants and until discharge 
fron hospital from term infants. Urine samples were 
stored at —20°C with 0-1 mi sodium merthiolate 
unal analysis. Such a method, using lactulose and 
mainitol as markers, has been validated in cathe- 
terssed infants, in whom it was shown that a steady 
stæe of marker input and output is reached within 
five times the half life of each marker (20 hours).® 

Disaccharide concentrations in urime specimens 
were assayed by gas-liquid chromatography, using 
turanose as an internal standard.” Trimethylsilyla- 
tioa of sugars was performed before chromatogra- 
ph to produce single derivatives of lactulose and 
turanose and a and B anomers of lactose. Concen- 
trations were determined by comparison of the peak 
heizhts of test sugars with standards after summing 
the lactose peaks. Results were expressed as a 
urtaary lactose:lactulose excretion ratio. 

Multiple regression analysis was used to measure 
the trend in urinary lactose:lactulose excretion ratios 
after the start of feeding by fitting parallel trends for 
each infant and allowing for missing data. This 
mehod assumed that the piots for the ratios against 
dass after starting feeds ran parallel. The effect of 
gestational age on the ratios was determined by 
linear regression for each day after starting feeds. 


100 







“J 
ul 


% Decline in lactose: lactulose ratio 
Si 
© 


0 


1 2 3 


(No of urines analysed (29) (28) (27) 


each day ) 


A 


(29) 
Days after starting feeds 


Neonatal intestinal lactase activity 897 


The significance of this slope indicated whether or 
not the two were related and the magnitude of the 
slope the mean change in ratios for each extra week 
of gestation, 


Results 


Two hundred and twenty one urine specimens were 
collected from days 1-13 after starting feeds and 
analysed. The results for days 9-13 were combined 
to make sufficient numbers for analysis. 

There was no significant relation between initial 
urinary lactose:lactulose excretion ratios and post- 
conceptional age and weight. They ranged from 4-5 
to 0-35 (mean 1-3), representing 7-7- to 100-fold 
differences from the ingestiuon ratio of 35. 

The Figure shows the results broken down into 
three gestational groups—infants of 28, 34, and 40 
weeks’ gestation. The results are expressed as a 
percentage decline in urinary lactose:lactulose 
excretion ratios from initial values plotted against 
days after starting milk feeds. All three groups 
showed a decline in ratios during the first five days 
after the onset of milk feeds. Thereafter, the most 
mature infants (40 weeks’ gestation) showed a 
continued fall in ratios (eightfold between days 1 
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Figare Percentage decline in urinary lactose:lactulose excretion ratios after milk feeding in infants of 28, 34, and 40 weeks’ 
gestation at birth. There was a significant trend in ratios with gestational age from day 7 onwards (p<0-01). 
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and. 7), and the most premature (28 weeks’ 
gestation) none, with a persistence of appreciable 
lactosuria. Infants of 34 cele gestation showed a 
decline in lactose:lactulose ratios intermediate with 
their less and more mature colleagues. The 
difference between groups was significant from 
seven days onwards (p<0-01 


Discussion 







We have shown a rise in intestinal lactase activity 
after milk feeding in the newborn: the percentage 
increase is related directly to gestation, which is 
most pronounced in the term infant and least in the 
preterm infant. 

It has been suggested that i 
a function of postconceptional 
method does not allow the 
activity before the onset of milk feeding, there was 
no significant relation between urinary lactose: 
lactulose excretion ratios and gestation immediately 
after the onset of milk feeding or during the five 
following days (Figure). ts of all gestations 
showed a sequential rise eeg activity during 
this. period, and only ther r was there a signifi- 
cant difference between gestational groups. 

These findings contrast with those of Antonowicz 
and Lebenthal, who found a direct relation between 
unfed . mucosal lactase actiyities and increasing 
gestation,” but accord with those of Boellner et al, 
who studied the lactose tolerance of preterm and 
term infants after feeding,’ and Mayne et al, who 
studied the jejunal fluid su ‘lactase ratios. 

Our findings suggest that the lactase activity of the 
newborn is equal to the immediate demands of milk 
feeding but that after five days, when the lactose 
load has risen appreciably, only the full term infant 
displays a complete capacity to use this sugar. 

Human? and animal studies?‘ have suggested that 
intestinal lactase activity is begun or stimulated by 
milk feeding. Within 24 hours of starting milk feeds 
all our infants displayed highly significant differ- 
ences between lactose:lactulose excretion and 
ingestion ratios, indicating considerable hydrolysis 
of lactose during this time. On the first day after 
starting oral feeds the mean excretion:ingestion 
ratio was 0-04 (1-3:35) and |within five days had 
dropped further to 0-02 (0-7:35) (p<0-0001 in both 
instances), suggesting hydrolysis of 98% of ingested 
lactose. These conclusions |contrast with those 
obtained using breath hydrogen measurements 
alone to assess lactose utilisation, which suggest 
significant malabsorption of lactose in preterm! and 
term infants.’ They confofm, however, to the 
recent finding, using [13C] labelled lactose, that 
lactose absorption in the s intestine is nearly 





itial lactase activity is 
age.” 13 Although our 
easurement of lactase 


complete in the full term infant fed formula.” In 
clinical practice lactose utilisation is not regarded as 


‘a major practical constraint to the growth of the 


newborn, and the indirect measurements of unhyd- 
rolysed lactose described both here and in [13C] 
studies may simply signify the more than adequate 
amounts of lactose ingested by the newborn. 

It is not possible, using this method, to show- 
whether such changes are the direct effect of milk 
feeding. Analysis of our results by postnatal age 
simply moves the values for the most preterm 
infants (as shown in the Figure) to the right. To 
answer this question it would be necessary to study 
infants denied milk feeding and those receiving a 
non-lactose containing formula. l 

Our findings reflect the degree of maturation of 
mucosal function of infants of different gestational 
ages and the capacity of the neonatal intestinal 
epithelium to respond to the demands of enteral 
nutrition. They accord with those previously re- 
ported describing the maturation in intestinal per- 
meability to lactulose that follows feeding in the 
newborn.° Preterm infants of less than 34 weeks’ 
gestation exhibited a higher intestinal permeability 
than those more mature at birth, and all showed an 
appreciable decline in lactulose uptake during the 
first week of milk feeding. 

The effect of such changes in permeability on the 
uptake of intact lactose is eliminated by the com- 
parison of its uptake with that of the non- 
metabolisable reference marker lactulose. Both are 
handled by the body in the same ways, from 
ingestion to excretion, except for their differing 
susceptibility to hydrolysis by lactase. Both di- 
saccharides traverse the intestinal wall by simple 
passive diffusion and share equal volumes of dis- 
tribution and rates of renal clearance.’ * 18 

It is unlikely that selective breakdown of lactose 
by micro-organisms in the gastrointestinal tract 
accounts for our findings. Colonisation of the 
healthy neonatal small bowel, the site of passive 
disaccharide absorption, is negligible,’? and on 
reaching the large bowel both disaccharides are 
equally subject to breakdown by bacterial 
flora. 16 17 2 

The dual marker steady state method offers a 
simple, convenient, non-invasive way of studying 
sequential changes in intestinal lactase acitivity in 
infant fed formula. Our findings suggest mucosal 
lactose hydrolysis approaches optimal efficiency 
soon after the onset of milk feeding, even in the very 
preterm infant, which displays a persisting lactosuria 
representing no more than the 2% of lactose that 
escapes hydrolysis in the small intestine. 


We are grateful to the staff of the Princess Mary Maternity Hospital 
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for heir enormous help and to Dr T Cole for statistical advice. 
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SUMMARY A 4 year old boy developed a profound 
motor neuropathy after repeated deliberate inhala- 
tion of petroleum vapour. |The condition was 
characterised by extreme slowing of the nerve 
conduction velocity. He made a gradual recovery 
over six months. The neuropathy was attributed to 
the N-hexane component of 


The deliberate sniffing of 
produce euphoria is known to/cause acute neurolo- 
gical dysfunction, but chronic complications of this 
practice are rarely reported.| The case described 
here is remarkable both for the youthfulness of the 
sniffer and for the pattern of neurological damage. 


Case report 


The patient was a Sudanese boy living in Khartoum. 
His family history and previous health were unre- 
markable. 

At age 4 years 1 month a disturbance of gait and 
balance were noted but the symptoms were mild and 
initially ignored. His mother observed that he 
sometimes smelt of petrol. Atjage 4 years 4 months 
he was found comatose beside an open can of 
petrol that was stored in an outbuilding. Dyspnoea, 


Table Results of investigations of|motor nerve conduction 
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hypoxia, and signs of encephalopathy persisted for 
48 hours. When he recovered he was profoundly 
weak, hypotonic, and unable to stand or walk, but 
intellect, speech, and social behaviour were 
unimpaired. 

Two months later, when he was seen in London, 
he could sit but was unable to stand. There was mild 
symmetrical weakness of the facial muscles and of 
all limbs. The legs were more affected than the 
arms. All four limbs were hypotonic and areflexic 
with some muscle wasting. 

No sensory or cerebellar signs could be shown. 
The features were those of a predominantly motor 
neuropathy. 


Investigations. Immediately after the acute episode, 
a blood lead concentration measured in Sudan was 
2-1 pmol/l. 

Two months later the following investigations 
were normal: blood count and film, erythrocyte 
sedimentation rate, urea, sodium, potassium, cal- 
cium, phosphate, and random glucose concentra- 
tions, liver function tests, urine reducing substances, 
creatine kinase activity, urinalysis, x ray films of 
skull, chest, and legs, blood lead concentration (0.5 
umol; normal = <1-8), visual acuity, visual evoked 
responses, audiogram. 

The only abnormal investigation was the motor 
nerve conduction velocity (see Table). 


Progress. When last seen, seven months after the 
acute illness, he could walk and there was only 
minimal weakness. 


Discussion 


The acute effects of petrol inhalation are those of an 
encephalopathy with euphoria, lethargy, anorexia, 
speech disturbances, blurred vision, and seizures. 
Sniffing is primarily an activity of teenagers, though 
in communities where the practice is widespread 7 
and 8 year olds may become involved.” It is most 
unusual for a 4 year old to discover and indulge the 
habit in isolation. 


ai 


The alkyl leads (commonly tetraethyl lead and 
tetramethyl lead in the United Kingdom) and 
tri wthocresyl phosphate along with lead scavengers 
are added to petroleum as anti-knock agents. These, 
alcag with the hexane isomers, are usually assumed 
to be the main toxic constituents of gasoline. The 
alby] leads can be absorbed by inhalation but 
trimthocresyl phosphate is less volatile. The com- 
position of the gasoline that the child was exposed to 
in Sudan is net known. 

-ead poisoning is more likely to cause a 
meaoneuropathy and the nerve conduction is only 
sligatly reduced. In our patient, however, there was 
gress slowing of the conduction velocity. Fur- 
thermore, lead concentrations, x ray films, and the 
bleed picture was normal. Karani? reported a case 
of toxic neuropathy in a young man who regularly 
drank petrol and attributed this to the additive 
triorthocresyl phosphate.” but this substance is 
unikely to be absorbed in large quantities by 
sniffing petrol vapour. 

We suggest that the profound motor neuropathy 
in zur patient was probably caused by the N-hexane 
component of petroleum.* There are many reports 
of a similar neuropathy occurring in glue sniffers 
and in workers exposed to industrial sources of 
N-texane or petroleum benzine, N-hexane seems to 
be the main toxic agent in organic solvent mixtures; 
toluene and other hydrocarbons, though potentially 
ne wotoxic, seem to exert some protective effect 


Neuropathy in a petrol sniffer 901 


against the nerve damage caused by N-hexane. The 
clinical features depend to some extent on the length 
and level of exposure. A motor neuropathy is 
usually the predominant finding, though in some 
cases there are also some sensory symptoms. De- 
terioration often continues after exposure has 
ceased. The motor nerve conduction velocity typi- 
cally is grossly reduced and histological examination 
reveals a primary axonal neuropathy with secondary 
effects on the myelin and prorounced nodal 
widening.” 


We thank Professor H Lambert for referrirg the patient and 
Professor R Anderson for helpful advice. 
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SUMMARY A 4 year old girl with congenital nerve 
deziness and pancreatic insufficiency had incapaci- 
tatmg ataxia. Electrophysiological studies of the 
mean nerve and the brain stem evoked response 
were abnormal. Serum vitamin E concentration was 
low. After intramuscular injections of vitamin E the 
ataxia disappeared and electrophysiological vari- 
ables reverted to normal. 


nent a NEE ETON ON A PP A AA A AAAA A ct APPA $$ 


Ths report describes a 4 year old girl with a variant 
of che pancreatic deficiency and congenital nerve 
deafness syndrome. As a consequence of the accom- 
parving malabsorption she had hypovitaminosis E, 





incapacitating ataxia, and abnormal e ectrophysiolo- 
gical studies of the nervous system. Treatment with 
intramuscular vitamin E resulted in clinical and 
functional improvement. 


Case report 


The patient was a 4 year old girl, the oldest of three 
sisters born to non-consanguineous Arab parents. 
Her birth weight was 2700 g. At the age of | year she 
was noticed to be suffering from abdominal disten- 
sion, frequent loose smelly stools, anc failure to gain 
weight in spite of a ravenous appetite. Early in life 
she had been found to have impaired rearing, with a 
resultant delay in speech development. At 13 
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months an audiogram showed bilateral severe sen- 
sorineural hearing loss. Her motor development was 
delayed: she could sit and crawl at 1 year, stand by 
2, and walk at 2). 

On admission her weight was 11 kg, height 85 cm, 
and head circumference 47 cm (50th centile for 15, 
18, and 21 months, respectively). She stood on a 
wide base and had a grossly unsteady gait and a 
coarse tremor of her hands.| Her tendon reflexes 
were absent. Routine laboratory investigations 
yielded normal results. Her serum IgA concentra- 
tion was raised. Vitamin E| concentrations were 
0-0-1 mg/100ml (normal 0-5-1-5 mg/100ml) and no 
rise could be obtained after oral administration of 
vitamin E in a dose of 100 mg/kg/day. Serum 
cholesterol was 54 mg/100m1 and the three day stool 
collection showed an excretion of 21-7 g fat/day. The 
sweat test yielded normal results. 

A small intestinal biopsy produced normal results 
by light microscopy. The chest x ray yielded normal 
results, the wrist x rays showed a bone age compat- 
ible with a chronological age of 1-5 years, and there 
was no evidence of rickets. A barium meal, endos- 
copic retrograde choledochopancreatography and 
ultrasonography of the. pancreas yielded normal 
results. 

Pancreation function was estimated by duodenal 
intubation and subsequent intravenous injection of 
cholecystokinin octapeptide (Kinevac, Squibb Co, 
New Brunswick, New Jersey, United States). Only 
small volumes of duodenal juice were obtained after 
` stimulation with cholecystokinin octapeptide, and 
pH rose to 6-7. Trypsin remained absent and only 
minute amounts of lipase and amylase activities 
could be detected (“Phadebas amylase test’, Phar- 
macia diagnostics, Uppsala, Sweden). 

The electrophysiological studies of brain stem and 
peripheral nerves are presented in the Table. A 


Table 1 Electrophysiological studies of the median nerve 
and brain stem auditory evoked response 


Before After Normal 
treatment = treatment 
Median nerve 
Distal latency (msec) 6-2 +9 <36 
Amplitude (my) 4 6-1 >5 
Conduction velocity (msec) 17-8 35-2 >32 
F response latency (msec) 31 27 <28 
Brain stem auditory evoked response 
Latency (msec): 
Wave 1 2-1 16 <16 
Wave 3 3-9 35 <3-4 
Wave 5 73 6 <61 
Brain stem transmission time (msec) 5:2 4-4 «4-4 
Amplitude of wave V {mv} 02 4-1 


biopsy examination of the sural nerve yielded 
normal results. 

A diagnosis of pancreatic insufficiency was made 
and treatment with pancreatic enzyme supplements 
(Viokase®, AH Robbins, Monticello, Illinois, 
United States) was begun. Within one month she 
gained 2-5 kg in weight. Daily intramuscular injec- 
tions of 100 mg vitamin E (Evitol, Hoffman La 
Roche, Basel) were given for 14 days. 

After two months her gait became steady, the 
tremor disappeared, the deep reflexes returned, and 
her behaviour became sociable. Her serum vitamin 
E concentration rose to 1-7 mg/100 ml, and the 
pronounced improvement in the electrophysiologi- 
cal studies is shown in the Table. 


Discussion 


Our patient suffered from exocrine pancreatic insuf- 
ficiency and a sensory-neural defect of hearing. This 
combination of clinical features has been described 
previously by several authors.’ 7 Our patient dif- 
fered from them in that other features of this 
syndrome were not found. Cystic fibrosis was 
excluded by a normal sweat test and Schwachman’s 
syndrome by normal skeletal x rays and blood 
picture. 

Clinically, the most important feature of our 
patient was the early onset of tremor, ataxia, and 
absent tendon reflexes, presumably due to hypovita- 
minosis E. In pancreatic insufficiency low vitamin E 
concentrations can be found in early childhood,’ but 
neurological signs have not, so far, been found 
before the age of 10 years. Large oral doses of 
vitamin E, of the order of 100 mg/kg, are usually 
capable of restoring normal body stores of this 
vitamin. Our patient did not respond to oral 
treatment but required intramuscular treatment. 

Electrophysiological studies have been reported 
by a number of authors, some of whom noticed 
improvement after treatment with vitamin E.> ° 
With this treatment there was not only pronounced 
and rapid clinical improvement, but we could show 
reversion to normal or near normal values of her 
median nerve distal latency, amplitude, conduction 
velocity, and brain stem evoked responses. 

This case shows that in pancreatic insufficiency 
lack of vitamin E with its associated nervous damage 
may occur early in life. The implications for children 
with cystic fibrosis are obvious. While borderline or 
low concentrations of vitamin E are often found in 
cystic fibrosis, tremor, weakness, and absent tendon 
reflexes may be wrongly ascribed to the basic 
disease and malnutrition rather than to vitamin E 
deficiency. Electrophysiological studies such as were 
performed in this patient may help to diagnose the 
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efiects of vitamin E induced neurologic dysfunction. 
In addition, electrophysiological studies may be a 
good variable to measure the effects of treatment. 


Ths research was supported by the Lori and Bernard Levmore 
Re-earch Fund. | 
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SUMMARY An 11 year old girl developed progres- 
Siv2 upper gastrointestinal ulceration and recurrent 
epsodes of intravenous catheter associated poly- 
microbial septicaemia. Evaluation failed to establish 
a cause. After exclusion of the parents and careful 
surveillance of the patient she improved, supporting 
the diagnosis of suspected child abuse (a form of 
Meadow’s syndrome). 


Meadow’s syndrome (Munchausen’ s syndrome by 
prexy) is a form of child abuse in which a parent 
feisns illness in his or her child.! In a variant form 
the parent actually induces illness in the child. The 
diagnosis is confirmed by surreptitious obser- 
vations,” ‘Confrontation of the parents and admission 
of guilt, and/or selected laboratory tests.* This 
paper reports a girl with recurrent septicaemia and 
gastrointestinal ulceration of unknown aetiology 
who progressively deteriorated over a period of one 
yeer. She improved after exclusion of her parents 
and constant surveillance. 


Case report 


An 11 year old girl weighing 39 kg developed fever, 
cocgh, and protracted vomiting in January 1983, 
twc months after a gastric ulcer had been diagnosed 
in her 14 year old brother. During a five week 


admission to hospital she had persistent vomiting 
and intermittent diarrhoea. She was transferred to 
Schneider Children’s Hospital where examination 
revealed a thin, mildly dehydrated child weighing 
33-8 kg who was otherwise normal. 

Laboratory evaluation showed a haemoglobin 
concentration of 12-6 g/dl and serum protein con- 
centration of 5-9 g/100ml. The following tests 
yielded normal or negative results: leucocyte count 
and differential, erythrocyte sedimentation rate, 
serum albumin, serum electrolyte, and immunoglo- 
bulin concentrations, urinalysis, stool culture, three 
stool examinations for ova and parasites, chest 
radiography, and barium contrast studies of the 
upper and lower gastrointestinal tracts, including 
views of the terminal ileum. Upper gastrointestinal 
endoscopy revealed a solitary lesser curve- gastric 
ulcer. Cimetidine and antacids were administered 
with satisfactory clinical response. 

Five days after discharge she developed a recur- 
rence of abdominal pain and intractable vomiting 
and complained of a sore throat. On re-admission 
physical examination was remarkable for an erythe- 
matous pharynx and a tongue ulcer. Repeat endos- 
copic examination 20 days after the first revealed 
persistence of the gastric ulcer and a new deep 2 cm 
ulcer of the distal oesophagus. Serum amylase and 
gastrin activities were normal as was a secretin 
stimulation study. Sucralfate was added to the. 
regimen and the cimetidine increased. After dis- 
charge episodes of vomiting and abdominal pain 
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recurred and in May 1983 a = mid-oesophageal 
stricture was documented. Oesophageal dilatation 
was performed but continued dysphagia necessi- 
tated a fundoplication and gastrostomy in June. 
Abdominal exploration at that time revealed no 
evidence of inflammatory disease involving the 
small or large bowel. Liver, gall bladder. biliary 
tree, and pancreas were normal. In September 
1983 the patient developed severe abdominal pain 
and intolerance to feedings after she was given an 
antibiotic (ampicillin) through the gastrostomy tube. 
Endoscopic examination revealed multiple ulcera- 
tions of the gastric antrum, immediately distal to the 
gastrostomy tube site. Subsequently, feeding in- 
tolerance recurred, requiring re-admission for treat- 
ment of dehydration on two occasions during the 
next two months. 

During the patient’s admission to hospital in May 
1983 after diagnosis of the oesophageal stricture, 
total parenteral nutrition was begun through a 
centrally placed catheter. There was an acute onset 
of fever associated with visible particulate material 
in the alimentation bottle. Blood culture yielded 
negative results, but fluid from the bottle grew 
Candida albicans, Staphylococcus epidermidis, and 
Streptococcus viridans. Culture of hyperalimenta- 
tion fluid (routinely performed by the hospital 
pharmacy before dispensing of the fluid} yielded 
negative results. Furthermore, no other patients 
with abnormal or infected hyperalimentation fluid 
were noted at the time. 

Over the next six months there was a recurrent 
pattern of abrupt fever associated with bacteraemia: 
all these episodes occurred at a time when an 
intravascular catheter was in place. She had 39 
positive blood cultures over eight months, which 
grew two fungal and at least 15 different bacterial 
species. They were often polymicrobial (12 blood 
cultures), caused by micro-organisms that are 
unusual in catheter associated bacteraemia—for 
example, Veillonella parvula--and often due to 
organisms that are normal oral or faecal flora. 
Furthermore, these episodes were often associated 
with purulent drainage and phlebitis at the catheter 
site, and there was a prompt response when specific 
antimicrobial treatment was combined with removal 
of the catheter. Immunologic evaluation repeatedly 
showed normal numbers of polymorphonuclear 
leucocytes, lymphocytes, and monocytes. A nitro 
blue tetrazolium test, and tests of immunoglobulins, 
complement (C3, C4, and CH50), and cellular 
immunity yielded normal results. A gallium scan, 
computed tomograms of head and abdomen, and 
multiple echocardiograms as well as abdominal 
exploration and thoractomy with mediastinal and 
oesophageal exploration failed to reveal any abscess, 


focus of infection, or source for continuous seeding 
of the bloodstream. 

Throughout the patient's multiple and prolonged 
admissions to hospital the mother was constantly at 
the bedside. Rather than appearing discouraged by 
her daughter’s continued deterioration, she pro- 
vided the nursing and medical staff with constant 
encouragement. She applauded the staff for their 
efforts and assured them they were doing everything 
possible. Though the parents were encouraged to 
seek evaluation at another tertiary care centre for 
further opinion and management, they returned to 
Schneider Children’s Hospital, where the mother 
and the child felt ‘more comfortable’. In October 
1983 the mother was confronted with the suspicion 
that she was instrumental in the production of the 
bacteraemias. Her response was ‘I can see how you 
might think that’, but she denied contaminating the 
indwelling catheters. 

The final admission of the child to our hospital 
was in late December 1983. Several days after 
transfer, abdominal exploration revealed a per- 
forated jejunum (after passage of a transpyloric 
feeding tube at the local hospital). Careful abdomi- 
nal exploration during laparotomy showed no evi- 
dence of chronic inflammatory bowel disease. One 
week later she developed high fever, became 
hypotensive, and was critically ill. Multiple blood 
cultures became positive for Candida albicans, and 
amphotericin B was administered. She improved, 
but 10 days later Streptococcus faecalis bacteraemia 
was associated with thrombosis and infection at a 
femoral catheter site. Chest pain and pulmonary 
infiltrates developed and lung scan findings were 
consistent with the clinical diagnosis of a septic 
pulmonary embolus. 

At this point (February 1984) the parents were 
prohibited from visiting the patient, and she was 
placed under constant observation (a nurse’s aide 
was always at the bedside). A Broviac catheter was 
placed. Her body weight was 27:2 kg. She subse- 
quently showed slow but progressive improvement. 
Her Broviac catheter was electively removed eight 
weeks later. (This was the first of eight central 
venous catheters to be electively removed.) She 
tolerated alimentation by gastrostomy tube and 
began to drink and eat. She was afebrile from mid- 
February to the day of discharge (25 April). She was 
discharged to foster care weighing 36-7 kg after a 
total of 24 hospital admissions and 375 hospital days. 

She has since returned to school and has not 
required admission to a hospital in the 15 months 
since discharge. Her weight is 40-8 kg. The judge’s 
ruling after a protracted trial in family court found 
the parents guilty of child abuse, and the child 
remains in foster care. 


Recurrent sepsis and 


Lascussion 


This child’s gastrointestinal illness and bouts of 
recurrent infections continued for more than a year 
before her physicians’ clinical impression that her 
il ness was induced was strong enough to exclude 
her parents. The basis for suspecting that her 
infections were exogenously induced included: (1) 
Virtually all her infections were catheter associated: 
they were often polymicrobial or associated with 
Organisms not usually associated with catheter 
associated sepsis. (2) Despite extensive radiologic 
ivvestigations and surgical exploration (of abdomen 
aad chest), no focus of infection or source for 
booodstream seeding was identified. (3) A host 
detence problem was unlikely because extensive 
immunologic evaluation did not reveal appreciable 





te treatment and did not develop infections at sites 
commonly infected in patients with immunodefi- 
crency (paranasal sinus, oral mucosa, lung, gastroin- 
testinal tract, and skin other than catheter sites). 
Similarly, the gastrointestinal ulceration remained 
ipexplicable, with progressive ulceration while 
under optimal medical management. Multiple en- 
dascepic procedures, blood tests, biopsy examina- 
tions.and surgical explorations failed to find a cause. 
During admission to hospital there was one instance 
im which the mother reported bleeding from the 
gastrostomy tube, yet the red liquid recovered was 
guaiac negative. On another occasion, aspirin was 
detected in the blood, although it was never 
prescribed, Ingestion of a caustic substance or 
sebstances could have accounted for the gastrointes- 
traal complaints as well as the endoscopic findings. 
A pattern was discernable where the patient 
developed an exacerbation of gastrointestinal dis- 
ecse (often associated with new sites of ulceration) 
wile at home and developed fever with bacter- 
ae mia in the hospital while an intravenous catheter 
was in place. The strongest evidence of exogenously 
ixdueed illness was her remarkable recovery after 
exclusion of her parents and her good health during 
the 15 months since discharge while in foster care. 
The patient’s mother was probably responsible for 
inmucing her illness. Her mother was at her bedside 
2“ hours a day during weekdays and seemed to be 
cering and attentive, features previously described 
im these mothers.” She had a bland affect, avoided 
eve contact when conversing, was obese, and was 
nated by a consultant psychiatrist to be slightly 
depressed. Although she was not employed in the 
medical field, she showed medical sophistication. 
Contrary to the experience of Meadow,” however, 
confrontation of this mother did not result in 
stopping of her child’s infections and gastrointestinal 
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symptoms. As our patient was often admitted from 
home with symptoms and had infections at three 
different hospitals it is inconceivable that medical 
personnel were involved in inducing her infections. 
Finally, we do not believe that the patient was 
responsible for inducing her own symptoms (Mun- 
chausen’s syndrome). The patient was once heard 
asking her mother why she was fiddling with her 
intravenous line and when told of our suspicions she 
was incredulous. On one occasion, in which she 
developed a polymicrobial sepsis with infection at 
the catheter site, she could not have tampered with 
the catheter or tubing because she had spent the 
previous 24 hours with both hands restrained—one 
for the intravenous catheter and the other com- 
pletely covered by a dressing for treatment of a 
previous thrombophlebitis. The child was interviewed 
on several occasions by a psychiatris:, social workers, 
and her primary physicians, but these discussions 
did not yield helpful information regarding the 
induction of her gastrointestinal illness or infections. 

The severity of the symptoms prompted multiple 
Invasive medical procedures. As without excluding 
the parents this child may have diec! ° it is critically 
important to consider the diagnosis of Meadow’s 
syndrome in any child with inexplicable symptoms 
and signs, including recurrent episodes of poly- 
microbial septicaemia.” * Physicians must be cogni- 
sant of the increasing complexity of the presenting 
features of such cases as the presentation with both 
gastrointestinal disease and recurrent septicaemias 
led to delay in diagnosis. Among some of the 
physicians intimately involved in her care, there was 
disbelief and scepticism when legal measures were 
begun to exclude the parents. In the absence of an 
admission of guilt or clear cut proof of culpability a 
diagnostic (and therapeutic) trial of exclusion of the 
parent(s) may be necessary when this diagnosis is 
suspected. 
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SUMMARY The occurrence of isolated persistent 
ductus arteriosus in three generations of one family 
with surgical correction is described. The high 
incidence of the malformation in this family suggests 
autosomal dominant inheritance rather than a 
polygenic mode of inheritance. 
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It is generally accepted that the inherited contribu- 
tion to most forms of congenital heart disease has a 
polygenic mode of transmission. The familial 
occurrence of persistent ductus arteriosus is well 
recognised. Two large surveys of relatives of 
patients with persistent ductus arteriosus showed a 
low recurrence rate of between l and 2-5% in the 
subsequent generation.’ * Case reports on individual 
families, however, have shown a much higher 
recurrence rate, and while this might represent case 
clustering with a polygenic inheritance, different 
forms of inheritance probably occur in these 
families. 

Documented reports of persistent ductus 
arteriosus in three generations are rare; this report 
details a family with a high incidence of persistent 
ductus arteriosus, involving three generations in the 
absence of consanguinity. The early generations of 
this family were previously reported by Burman.’ 


Case reports 


Two siblings presented to our unit with isolated 
persistent ductus arteriosus, and the strong family 
history obtained led to an investigation of the 
family’s medical records. The Figure shows the 
pedigree of this family. The two affected children 
(IV, and IV) are the only children of the non- 
consanguineous marriage of III, and HH. The girl 
(I1V,) presented at 3 years with an asymptomatic 
cardiac murmur. There was a high volume pulse and 
the typical continuous murmur of a persistent ductus 
arteriosus. Echocardiography and cardiac catheter- 
isation confirmed the presence of isolated persistent 
ductus arteriosus with a pulmonary artery pressure 
of 24/10 mm Hg (mean pressure 13 mm Hg). The 
pene oues arteriosi was “leatea and divided, 








to thrive, vomiting, and breathlessness during feed- 
ing. Examination revealed a collapsing pulse with 
clinical evidence of left ventricular hypertrophy. 
There was a harsh, long, grade 4/6 systolic murmur 
audible at the left sternal edge and pulmonary area 
with no diastolic murmur. A loud third heart sound 
was present with accentuation of the pulmonary 
component of the second sound. Investigation 
showed isolated persistent ductus arteriosus with a 
large left to right shunt and pulmonary hypertension. 
The pulmonary artery pressure was 50/22 (mean 
30) mm Hg compared with an aortic pressure of 
90/25 (mean 44) mm Hg. At the age of 6 months 
ligation and division of a short wide persistent 
ductus arteriosus was performed. He is now 
asymptomatic with a quiet pulmonary ejection 
murmur. 

The mother (Hg) of these children is 25 years old 
and presented in infancy with cardiac failure associ- 
ated with a persistent ductus arteriosus. Ligation of 
the ductus was performed at 1 year and she is now 
asymptomatic and normal on examination. She is 
the only child resulting from the non-consanguin- 
eous marriage of Il, and Ha. Her father (I) had 
isolated persistent ductus arteriosus with appreciable 
pulmonary hypertension confirmed by cardiac 
catheterisation. In 1957, at the age of 28 years, 
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Figure Family history of two siblings who presented with 
isolated patent ductus arteriosus. 


ligation of the ductus was performed and he lived 
until 1984 when he died of a non-cardiac cause. 

cde (Hs) had three siblings and both his sisters (IL 
and H3) had surgically proved persistent ductus 
arteriosus. The first sister (II,) had a persistent 
ductus arteriosus ligated in 1954 at 21 years. She 
died in the early postoperative period and it was 
considered on clinical grounds that she had estab- 
lisaed pulmonary vascular disease. The other sister 
(IŁ) had a persistent ductus arteriosus diagnosed at 
the age of 24 and ductal ligation was performed in 
1957. She is alive and well with five unaffected 
chadren. The other sibling (1I,) died during the 
early 1930s when 3 months old. The certified cause 
of death was acute bronchitis and marasmus. No 
camhac abnormality was diagnosed. 

There are no known cases of persistent ductus 
artriesus in previous generations. The great grand- 
fatner (lh) died at the age of 52 from pneumonia. 
The great grandmother (1,) died at the age of 47 
frem cardiac failure. She presented in atrial fibrilla- 
tion with peripheral and pulmonary oedema. No 
murmurs were documented, but a mitral valve 
leson was suspected. Chest x ray showed consider- 
abe cardiomegaly with unusual ‘right atrial enlarge- 
ment’. No autopsy information is available. It is 
possible that her cardiac condition was due to 
Eisenmenger’s syndrome related to a persistent 
ductus arteriosus. 


Discussion 


Persistent ductus arteriosus is a heterogenous condi- 
toz It may occur in association with complex 
congenital heart disease, with multiple abnormali- 
tie: in other systems, or as an isolated defect. 
Envirenmental factors play a role in its 
pathogenesis—for example, in the maternal rubella 
symdrome or hypoxia (high altitude or neonatal 
ressiratory distress syndrome)—and a genetic con- 
tribution is well recognised. 

Large surveys of patients with a persistent ductus 
arteriosus show a low recurrence rate in siblings and 
chidren with a female predominance! * consistent 
with a polygenic mode of inheritance. Animal 
studies have supported the hypothesis of polygenic 
inkeritance. A number of case reports have 
documented families where the incidence of per- 
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sistent ductus arteriosus is higher than might be 
expected with a polygenic mode of inheritance. 
Most reports have concerned normal parents with 
multiple affected siblings,° and while this might 
represent case clustering with polygenic inheritance, 
it is possible that autosomal recessive inheritance is 
operating. The family in this report has well docu- 
mented cases of isolated persistent ductus arteriosus 
with high frequency in three generations. Both males 
and temales are affected in the absence of consan- 
guinity. This pattern of inheritance is highly 
suggestive of autosomal dominant inheritance and is 
less likely to occur with polygenic inheritance. 

This pattern of inheritance is uncommon as no 
similar families have been reported from this 
country. Burman’s report concerned the same 
family when persistent ductus arteriosus was docu- 
mented in two generations.” 

Thus, while most cases of persistent ductus 
arteriosus seem to be multifactoral in origin with 
polygenic heredity influences interacting with en- 
vironmental factors, a subgroup of patients exist 
with a much stronger genetic component. The 
recognition of such subgroups has obvious impor- 
tance for the counselling of the couples concerned 
regarding risks of recurrence and in the wider 
context reminds us that what seems to be a single 
anatomical lesion is actually a heterogenous 
condition with diverse environmental and genetic 
causes. 
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SUMMARY A very low birthweight preterm baby 
with respiratory distress at birth was found to have 
severe congenital tracheobronchomalacia. Con- 
tinuous positive airway pressure was given through 
an endotracheal tube without tracheostomy for 15 
weeks before unassisted respiration could be main- 
tained. Diagnosis was made and progress monitored 
by laryngobronchoscopy on three occasions. 


Disorders of the large airways in the newborn are 
uncommon and the signs may be attributed to 
pulmonary disease, particularly in preterm babies. 
This case of a baby with severe congenital tracheo- 
bronchomalacia illustrates the difficulties in making 
the diagnosis in a verv low birthweight infant and 
the long term support of ventilation necessary for a 
successful outcome. 


Case report 


A boy was born by emergency caesarean section 
weighing 1060 g after prolapse of the umbilical cord 
at 27 weeks’ gestation. The parents were white and 
unrelated. The pregnancy had been otherwise nor- 
mal, 

At birth he cried and established spontaneous 
regular breathing but before 1 minute of age 
developed intercostal and sternal recession and 
became cyanosed. He was resuscitated with endo- 
tracheal intubation and positive pressure ventilation 
with rapid improvement. Artificial ventilation was 
continued until admission to the intensive care 
nursery when his temperature was 36-0°C, blood 
glucose concentration 5-0 mmol/l (90 mg/100 ml), 
and packed cell volume 40%. Signs of respiratory 
distress persisted. Examination showed a normal 
preterm male infant without any obvious malforma- 
tions or dysmorphic features. An umbilical arterial 
catheter was inserted, a full infection screen carried 
out, and treatment with antibiotics started. Chest 
radiographs showed no signs of hyaline membrane 
disease or other pulmonary disease. The lecithin: 
sphingomyelin ratio measured in pharyngeal secre- 
tions aspirated at 2 hours of age was 3-6 (normal 
>1-8). Artificial ventilation could be rapidly de- 


creased to six breaths per minute with a fractional 
inspiratory oxygen of 0-23. Initial bacterial cultures 
were negative. Continuous positive airway pressure 
was then applied but an attack of apnoea occurred 
and treatment with aminophylline was begun on the 
fourth day. On the seventh day a symptomatic 
patent ductus arteriosus was diagnosed and assisted 
ventilation increased. Despite restriction in fluid 
intake and treatment with indomethacin, the signs 
persisted and on the 18th day ligation of the ductus 
arteriosus was performed. Postoperative recovery 
was complicated by pulmonary collapse and con- 
solidation. On day 21 he was weaned to continuous 
positive airway pressure of 5 cm H;O. 

Between day 21 and 31 extubation was attempted 
four times but on each occasion was unsuccessful. 
Stridor was followed by attacks of apnoea, episodes 
of bradycardia, and cyanosis and chest radiographs 
showed bilateral upper lobe consolidation. Bron- 
choscopy showed no vocal cord palsy or subglottic 
stenosis, but there was pronounced tracheal collapse 
on withdrawal of the bronchoscope, establishing a 
diagnosis of tracheomalacia. He remained stable 
while receiving continuous positive airway pressure 
for the next 10 days. At 6 weeks of age upper lobe 
collapse, fluctuating between the right and left lung, 
suggested bronchomalacia. On day 47 the endo- 
tracheal tube was removed twice, but reintubation 
became necessary after four and six hours, respec- 
tively. 

Repeat bronchoscopy on day 58 again showed 
normal vocal cords without subglottic stenosis but 
pronounced collapse of the posterior wall of the 
trachea on expiration. Management continued with 
continuous positive airway pressure. From day 79 a 
regimen of alternating continuous positive airway 
pressure and spontaneous breathing through the 
endotracheal tube of humidified air/oxygen was 
begun. Initially, spontaneous breathing was allowed 
for five minutes each hour increasing to 20 minutes 
each hour. On day 86 after collapse of the right lung 
a third bronchoscopy was carried out. Secretions 
were removed and signs of tracheomalacia were still 
present. On day 108, at a postconceptional age of 42 
weeks, he was extubated. This was followed by 
considerable inspiratory stridor and recession but no 
attacks of apnoea, and blood gases remained within 
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the normal range. Stridor persisted, increasing when 
he was awake or agitated, but gradually diminished 
in intensity over the next month, and the fractional 
inspiratory oxygen was reduced from 0-35 to air. 
U per lobe collapse and consolidation improved. 
Taroughout the first 15 weeks he thrived on enteral 
mulk feeds of his mother’s expressed breast milk. 
Bottle feeding was successfully introduced on day 
1t. 

He was discharged aged 5 months. He continued 
te have intermittent stridor but otherwise remained 
wall and thrived. There were no abnormal neuro- 
logical signs and cerebral ultrasound scans yielded 
nermal results. At 18 months his stridor, though still 
present, is improving. He has had no appreciable 
infections and no hospital admissions and his de- 
velopment is normal. 


D:scussion 


T-acheomalacia, which may be congenital or ac- 
quired. is defined as weakness of the tracheal wall 
from softening of the supporting cartilages with 
hepotonia of the myoelastic elements and may 
involve the whole of the trachea or occur as a 
localised phenomenon.' Only a few cases of ac- 
qaired tracheomalacia have been reported in chil- 
dren less than | year of age and none in extremely 
lew birthweight preterm infants. It may follow 
prolonged intubation, especially with a shouldered 
eadotracheal tube, chest injury, external vascular 
compression, or tracheo-oesophageal fistula. In a 
series of 127 cases diagnosed by bronchoscopy 42 
(2%) had major associated abnormalities and 55 
(43%) had unilateral or bilateral bronchomalacia.* 
Tie commonest presenting signs were stridor or 
weezy breathing, recurrent bronchitis, chronic 
cough, and cyanosis. Although acquired tracheoma- 
læia cannot be excluded in the patient described, it 
scems unlikely as signs were of early onset and 
bronchomalacia was also present. 

Congenital tracheomalacia exists in two distinct 
forms, a common mild variant and an uncommon 
severe form. The mild variant may be misdiagnosed 
at wheezy bronchitis or asthma in infants below 1 
year of age. It represents an exaggeration of the 
normal softness and pliability of the tracheal 
sLpportive structures. A series of 15 cases showed 
that symptoms started from 5 days to 4 months and 
résolved with conservative management, without 





mortality, between 3 and 18 months.’ A report of 
two term infants with severe bronchomalacia de- 
scribed successful management with 5 cm H,O 
continuous positive airway pressure for 13 and 14 
weeks, respectively.” A child witk Larsen’s syn- 
drome has been reported in whom continuous 
positive airway pressure, given for 22 months, 
improved pulmonary mechanics.” 

In four cases of severe tracheomalacia, diagnosed 
by broncoscopy, tracheostomy was performed be- 
tween | week and 21 months of age.° Two had 
associated bronchomalacia and one died from an 
associated viral infection. A pronouaced worsening 
of the symptoms with crying or agitation and upper 
respiratory tract infections was notec. The diagnosis 
of severe congenital tracheomalacia has been made 
by fluoroscopy or lateral inspiratory and expiratory 
radiographs. The latter may, however, be normal.® 
In the intensive care nursery bronchoscopy with a 
rigid ventilating bronchoscope will allow visualisa- 
tion of the larynx, trachea, and major bronchi and 
enable aspiration of secretions. Intrinsic or intralu- 
minal lesions can be excluded and the diagnosis 
made safely. Treatment with contnuous positive 
airway pressure prevents bronchial collapse and in 
conjunction with physiotherapy may be required for 
an extended period until the bronchi become more 
rigid. 
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SUMMARY Tachypnoea was significantly more com- 
mon in class B than in class A or C infants of 
diabetic mothers. Whole blood viscosity at a stan- 
dardised packed cell volume and moderately low 
shear rate was significantly higher in infants of 
diabetic mothers with tachypnoea than in those 
without tachypnoea or healthy controls. 


Infants of diabetic mothers often exhibit abnormal 
clinical findings in the early postnatal period, 
including hypoglycaemia and tremulousness, as well 
as tachypnoea, which may only commence several 
hours after birth. They also have a high incidence of 
polycythaemia, with an associated increase in blood 
viscosity.! Adults with diabetes may develop in- 
creased blood viscosity due to slightly raised plasma 
viscosity, decreased individual red cell deformabil- 
ity, and more pronounced red cell aggregation.” 

We studied infants of diabetic mothers during 
their first two postnatal days to evaluate their blood 
viscosity independently of their packed cell volume, 
and to determine whether there was any relation 
between blood viscosity and tachypnoea m these 
infants. 


Subjects and methods 


Forty three infants of diabetic mothers with gesta- 
tional ages between 37 and 41 weeks were selected 
at random after birth and followed prospectively. 
They were categorised according to White’s classi- 
fication of maternal disease.* Each infant was 
evaluated by random observations between 12 and 
24 hours of age. Resting respiratory rates were 
counted for one minute intervals on at least two 
occasions during three to five minute periods of 
inactivity. The infant was classified as tachypnoeic if 
these rates were consistently 260/minute. A sample 
of venous blood, with dry heparin as the anticoagu- 
lant, was obtained within 36 hours of birth and 
studied on the same day. Blood from 27 term 
neonates served as controls. This was taken at 
delivery. or by venipuncture for clinical reasons, 
from infants who subsequently were found to have 


no major illness. Appropriate parental consent was 
obtained. 

The packed cell volume of each blood sample was 
determined by a standard micromethod and was 
then adjusted to 50% (41%) by addition or removal 
of an appropriate volume of autologous plasma. The 
standardised viscosity at specific shear rates was 
measured at 37°C in a 0-5 ml sample of blood by 
means of a Wells-Brookfield cone-plate viscometer 
(Model LVT) equipped with a 0-8° cone spindle 
CP-80 and was expressed in centipoise. During the 
latter part of the study, when the sample volume 
was sufficient, plasma viscosity was determined 
independently. 

The incidence of tachypnoea in the categories of 
infants of diabetic mothers was compared by a y 
test with Yates’s correction for small numbers, and 
viscosity differences at specific shear rates were 
evaluated by Student’s / test. 


Results 


Fifteen of the 43 infants of diabetic mothers de- 
veloped tachypnoea: three of 16 in class A, 10 of 17 
in class B, one of seven in class C, and one of three 
in whom the class was uncertain. The incidence of 
tachypnoea in class B was significantly higher than 
in class A (p<0Q-05). There was no significant 
difference between the mean packed cell volumes of 
the infants of diabetic mothers with and without 
tachypnoea (58% v 572%}. At the standardised 
packed cell volume of 50%, and at a moderately low 
shear rate (11:25 sec™'), the whole blood viscosity of 
those infants with tachypnoea was significantly 
higher than infants without tachypnoea and controls 
(p<0-01) (Table). At this shear rate—that is, 
11-25 sec” '|-standardised whole blood viscosity in 
class B infants was higher than in controls (p<0-01). 
At the somewhat higher shear rate of 90 sec” |, 
however, the above differences among the groups 
were not significant. 

The limited number of studies performed on 
plasma showed a trend towards higher viscosity in 
infants of diabetic mothers with tachypnoea and in 
class B infants compared with controls, but the 
differences were not significant (Table). 
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Taole Standardised viscosity determinations in infants of diabetic mothers and control neonates. Values are mean (SD) 
Controls Infants of diabetic mothers 
Grouped by class Grouped by respiratory rate 
All A B E <60 200 
n= 27 43 16 17 7 28 15 
Biren weight (kg) 3-27 3°55 3-65 3-39 3-49 3-54 3-57 
(0-44) (0-63) (0-61) (0-68) 1-53) (0-69) (0-71) 
Venous packed cell volume (%}* 52-5 57-8 58-4 57-9 £49 S7-2 58-0 
{5-1} (6-8) (7:2 (6-7) 6-6) (6-9) (7-0) 
Vissosity at 50% packed cell volume tcp) 
Shear rate (sec?) 
P25 8-62 9-44 R81 9-77 8-69 8-73 9-89 
(1-06) (1-43) {1-24} (1-51) 80-94) (1-24) (1-48) 
oa 5-14 5-27 5-20 5-39 5-19 5-17 5-48 
(0-39) (0-58) (0-59) (0-54) 20-50) (0-81) (0-68) 
Plaana viscosity (cp) 
n= i4 12 3 7 - 5 7 
Shear rate (sec?) 
9a 1-28 1-37 1-29 1-42 ~ 1-30 1-4] 
(0-19) (0-15) (0-14) (0-15 (0-13) (0-16) 
235 L19 1-28 1-22 1-32 - 1-26 1:29 
(0-14) (0-13) (0-42) (0-13) {0-12 {0-15} 


*Pesinatal sampling times not controlled: values sot comparable for statistical purposes. 
Birth weight: Controls (a) v alf infants of diabetic mothers, 0-1> p> 0-05; {b} v class A infants, p<0-05. 
Viseosity at 50% packed cell volume and shear rate 11-25 sec” '; Controls v (a) class B infants; (b) infants with respiratory rate > 60, p<0-01. Infants with 


tespiratery rate <60 v infants with respiratory rate > 60. p<0-01. 


Plasma viscosity at shear rate 90 sec™!: Controls v (a) class B infants; (b) infants with respiratory rate 260, 0-2> p> 0-1. 
Plasma viscosity at shear rate 225 sec ': Controls v class B infants, 0-1> p> 0-05. 


Diecussion 


The determinants of whole blood viscosity in vivo 
and in vitro are complex, involving both red cell and 
plesma factors. In the present study we observed an 
increase in whole blood viscosity in class B infants 
thet was independent of their raised packed cell 
vosumes, which was statistically higher than the 
comtrols at the moderately low shear rate (11-25 
sec” ') but not at the higher shear rate (Table). In 
gemeral, our findings in infants of diabetic mothers 
were consistent with those described in adults with 
diabetes at similar shear rates.2 The more pro- 
nounced increase in low shear viscosity possibly 
incicates mechanisms mediated by enhanced red cell 
agsregation, reduced erythrocyte deformability, or 
increased plasma viscosity. Decreased red cell de- 
fonmability has been shown in blood from infants of 
dizbetic mothers by Linderkamp et al.” The increase 
in plasma viscosity observed in our study did not 
rezch significance, but this might have been related 
to the small number of samples. 

The higher viscosity in class B infants compared 
with class A could be a reflection of either the 
sexerity and duration of the diabetic state in the 
mc ther, or, as seems more likely, of the efficacy of 
meternal diabetic control. Ongoing studies compar- 
ing viscosity with glycosylated haemoglobin concen- 
trations should help to elucidate these differences. 


The relation between viscosity and tachypnoea Is 
of particular interest. Tachypnoea and respiratory 
distress have generally been regarded as clinical 
manifestations of neonatal polycythaemia (venous 
packed cell volume persisting above 65%) and as 
possible indications for a partial replacement trans- 
fusion in an infant with polycythaemia. A recent 
study on newborns with polycythaemia and hyper- 
viscosity showed echccardiographic findings consis- 
tent with increased pulmonary vascular resistance 
that normalised after partial replacement trans- 
fusion. It should be emphasised, however, that, 
although hyperviscosity with or without poly- 
cythaemia might represent a mechanism for the 
production of tachypnoea in infants of diabetic 
mothers, one cannot exclude the possibility that 
tachypnoea and hyperviscosity might each be inde- 
pendent neonatal variables reflecting the efficacy of 
metabolic control of maternal diabetes. 
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SUMMARY A cheap telemetric device, the “Sport- 
tester’, has been shown to be useful in monitoring 
the free running test for bronchoconstriction. 


The free running test is one of the most potent 
bronchoconstrictive stimulants in subjects with 
bronchial hyperreactivity.’ The test consists of 
running for six to eight minutes under standardised 
conditions, at a workload equivalent to 60-80% of 
the subject’s maximal aerobic power.” Even though 
it is difficult to measure workload directly, an 
indirect estimate may be obtained by measuring 
heart rate during the exercise.’ Hitherto, monitor- 
ing of heart rate during a free running test has 
involved the use of telemetry, which is generally 
expensive and therefore not widely employed. In 
the present study we examined a simple inexpensive 
form of heart rate telemetry during free running 
tests in children. 


Subjects and methods 


The device tested was the self monitoring “Sport- 
tester PE 2000° (available in the United Kingdom 
from Duffield Medical Equipment Ltd, Belper, 
Derbyshire, at £97-90 + VAT), which consists of two 
parts (Fig. 1): (1) the ‘transmitter’, which is a battery 
operated electronic electrocardiogram (ECG) moni- 
tor strapped to the anterior chest wall with a rubber 
belt, and (2) the ‘receiver’, which ts an electronic 
watch with an antenna housing, capable of receiving 
signals from the transmitter. The mean heart rate 
over five second epochs is displayed as a digital read 
out. Moreover, the receiver can store readings of 
heart rate every 30 seconds for up to 64 minutes for 
later recall. The subject must wear the receiver as a 
wrist watch while running. so that the receiver- 
transmitter distance is not more than one metre. 


The reliability of the ‘Sport-tester’ was checked by 
comparing it with the readings of a standard ECG 
monitor (Kontron 105—000C) in 14 healthy children 
(eight boys and six girls) aged 8-12 years, who 
performed a submaximal treadmill exercise test 
while being monitored simultaneously by the ‘Sport- 
tester’ and ECG. 

The ‘Sport-tester’ was then used to monitor the 
heart rate during two types of running: ‘fast’ running 
when the subjects were instructed to run as fast as 
they could and ‘moderate’ running in which they 
were asked to run at a comfortable pace. Twenty 
four normal healthy children (11 boys and 13 girls) 
aged 6-11 years participated. Each period of exercise 
lasted for six minutes, with an interval of 90 minutes 
between the two tests. 

Finally, the ‘Sport-tester’ was used to monitor a 
group of 240 unselected children 6-12 years old, 
taking part in a fast free running test. 


Results 


The correlation between the results obtained from 





Fig. 1 The ‘Sport-tester’, showing the transmitter (top) and 
the receiver (bottom). 
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Fig.2 The heart rate recorded in 24 normal healthy children with the ‘Sport-tester’ during fast and moderate free running. 
= Fast running, @———® = moderate running. The dotted line represents a heart rate of 


170 deats/minute. 


the. Sport-tester’ and the ECG was best de- 
scribed by a weak quadratic expression: y=13-3+ 
0-8x—0-0008x* (n=167, r=0-99), where y is the 
‘Sport-tester’ reading and x is the ECG monitor 
readmgs. Thus the ‘Sport-tester’ was a reliable 
indicator of heart rate even though it tended to 
overestimate at the extremes of the range and 
underestimate in the mid-range, but the deviation 
from linearity was not clinically important. 

Ccmparison between fast free running and mod- 
erate free running showed that there was a similar 
pattern of heart rate response to both types of 
exercise, though the maximal heart rate plateau 
tecded to be higher during the fast free running 
pericd (Fig. 2). 

Monitoring the fast free running test in 240 
chaldren with the ‘Sport-tester’ was successful in 229 
cases (95%). In every case the heart rate rose above 
170 beats/minute within 30 seconds of the onset of 
rumning. In eight cases there was poor contact 
be:ween the pulse transmitter and the skin, resulting 
in failure to record the heart rate. A further three 
children refused to participate after their skin had 
inédvertently been pinched while tightening the 
secucing belt around the chest. 


Discussion 
Crildhood asthma is still underdiagnosed and there 


is 1c simple objective method available to provoke 
brocchoconstriction in children.* Free running is a 


potentially useful test but involves an estimate of the ` 
workload while running. We decided -0 evaluate the 
‘Sport-tester’ because of the association between 
heart rate and aerobic workload.’ The results show 
that the ‘Sport-tester’ is a reliable and cost effective 
monitor of heart rate in this test. The device is 
readily tolerated by most children and when techni- 
cal failure occurred it was complete. 

Exercise induced bronchoconstriction is directly 
related to work intensity, and maximal post-exercise 
airway constriction follows a worklcad of 60-80% 
aerobic power.® This corresponds to a heart rate of 
more than 170 beats/minute, which was achieved in 
all the 229 children who successfully completed the 
free running test. Partial failure of the ‘Sport-tester’ 
would lead to an underestimate of maximum heart 
rate. There is little chance, therefore, of a false 
diagnosis of exercise provoked bronchoconstriction 
being made using this technique. 

It could be argued that it would be desirable to 
use a monitor that was integral within the chest belt, 
thereby eliminating telemetry. This is not directly 
pertinent to the present study, which has shown the 
utility of a commercially available, fairly inexpen- 
sive device that is useful in the objective assessment 
of the free running test. 
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High aluminium content of infant milk formulas 
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SUMMARY The aluminium content of several com- 
mercially available infant : milk formulas was 
measured by electrothermal atomic absorption spec- 
trometry. Results were compared with those for 
fresh breast milk, cow’s milk, and local tap water. 
Differences in aluminium concentration of greater 
than 150-fold were found, with the lowest concen- 
trations in breast milk. 


| 

Because of its ubiquitous nature, aluminium has not 
traditionally been regarded as an essential trace 
element.! No cases of aluminium deficiency have 
been reported and minimum daily requirements for 
different ages are unknown. Fluids yielding as little 
as 7-5-15 ug of aluminium per day have been used 
recently without detriment, however, in infants 
receiving long term total parenteral nutrition.* 

Aluminium toxicity in patients with chronic renal 
insufficiency undergoing haemodialysis or ingesting 
large quantities of phosphate binding gels is well 
` recognised.* Recently, the high aluminium content 
of a proprietary milk formula was implicated as the 
cause of aluminium toxicity'in two infants with 
neonatal uraemia.* In this paper we report the 
results of the measurement of aluminium 1 in a variety 
of infant - feeds. ! 


Methods 


Sample collection and preparation. Preprepared 
liquid and powdered formulas were sampled either 
directly from their glass containers or, in the case of 
preparations in cans, by collecting aliquots into acid 
washed polystyrene tubes. Each feed was sampled 


i 
| 
l 
( 
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on two occasions and, where possible, from dif- 
ferent batches. Breast milk was collected by lactating 
mothers directly into acid washed polystyrene tubes, 
using a no touch technique. 

The powders were reconstituted in the laboratory 
by adding distilled, double deionised (aluminium 
free) water, using acid washed volumetric appar- 
atus, to portions of accurately weighed milk powder. 


Aluminium analysis. Aluminium was assayed by 
graphite furnace atomic absorption spectrometry 
employing a Varian Techtron AA975 and GTA 95 
with autosampler. 

All samples were initially diluted in the ratio of 1 
volume of sample to 14-2 volumes of 0-3% analytical 
grade hydrochloric acid on an automatic diluter. 

The aluminium content of samples was quanti- 
tated by the method of standard additions to allow 
for the variation in instrument response caused by 
the different sample matrices. Typically, a single 
random representative sample was used to generate 
a standard additions calibration curve for each 
analytical run. Subsequent samples in the run were 
quantitated by comparison with this curve. Samples 
yielding a mean peak height absorbance greater 
than the highest calibration point were further 
diluted with 0-3% hydrochloric acid until they fell 
within the calibration range. 

The analytical technique was controlled with ‘in 
house’ aqueous and serum based control materials 
(method coefficient of variation at 80 pg/l was 
roughly 10%, run to run) and by participation in a 
national aluminium analysis quality control survey 
(Department of Applied Biology, Royal Melbourne 
Institute of Technology). 

The spectrometer was operated in peak height 
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Table Comparative aluminium content of infant feeds 





Saraple Type of feed? 
Powder 
(ug/g) 

Breast milk 

S% glucose 

Tap water (four readings) 

Giecose-electrolyte mixture 

“Levasol’ 0-23 

Pateurised cows milk 

‘De-Lact Infane* 50 

‘Lactogen’ 

S2” 

‘Preestelaci” LOI 

‘Similac’ 

‘Adare’ 1-85 

‘Erfalac Premature” ce 

‘Nea * 

‘Pertagen"? 6-25 

‘Trasoy* 9-68 

‘Glucose Nutramigen * HE49 

‘Pregestemil’ 11-80 

Iscan 

‘Prasobee’ 


Adgumninium content 
tesilitre of feed}z 


Country of erigin 


Liguid 
ingini) 
0-03 Rid 
0-04 34 
OQjb 40 
0-04 4 
SS Holland 
09 J5 Australia 
[is Australia 
0-17 145 Australia 
O14 125 United States 
ins Australia 
0-20 a0 Australia 
345 Switzerland 
335 Canada 
034 345 Australa 
G85 United States 
1385 Australia 
1725 Australia 
1740 United States 
374 LRAG United States 
HESIR SURG Australia 





“Samples taken from different batches, 


‘Awminium content in pg/g (powder: or ug/ml (liquid) of feed. Mean of two measurements taken on separate vecasions, 
Ebe calculated aluminium content per litre of feed diluted according to the manufacturers’ recommendations (to 20 keal/30 mi) with wager assumed to contain 


40° ag/litre of aluminium (using the measurements in column 1). 


mode with no background correction required. 
Pyrolytic furnace tubes were used. 

~ontamination was controlled by ensuring that 
the peak height absorbance of a blank firing of 0-3% 
hydrochloric acid did not exceed 0-02 units relative 
to an air firing yielding a visually flat baseline. 


Results 


Tke results are shown in the Table. Fresh breast 
muk, 5% glucose, and a glucose-electrolyte mixture 
(both prepared in the formula room of our hospital) 
were found to have similarly low concentrations of 
aluminium comparable with known hospital tap 
water concentration. 

Among the milk feeds, the mean concentration of 
aluminium ranged from 0-09 to 10-02 ug/ml for 
liquid feeds and 0-23 to 11-80 ug/g for powdered 
feeds. Compared with a litre of breast milk there 
was an increase of up to 165-fold in aluminium 
content per litre of reconstituted feed. Depending 
on the formula used, infants drinking a litre of milk 
da ly would be exposed to between 30 and 5000 ug 
of aluminium per day. 

3atch to batch variation and country of origin of 
the formulas did not seem to influence our results. 


Discussion 


Aluminium intoxication is now recognised as the 
cause of a progressive encephalopathy, vitamin D 


resistant osteomalacia, and one form of anaemia 
in the presence of chronic renal insufficiency. 
Although these manifestations of toxicity were 
initially recognised in adults with uraemia under- 
going haemodialysis, they were subsequently de- 
scribed in children who were receiving large doses of 
aluminium containing phosphate binding agents but 
who did not yet require dialysis.” 

Less severe forms of neurological and intellectual 
dysfunction in infants developing chronic renal 
failure in the first year of life are well known. In 
fact, in one major study 20 of 23 such children were 
found to have developmental delay. microcephaly, 
hypotonia, dyskinesia, seizures, and electro- 
encephalographic abnormalities on subsequent 
follow up.® Poor nutrition, raised seram parathyroid 
hormone concentration, subsceptibikty of the infant 
brain to the uraemic environment, and aluminium 
toxicity were suggested as causes;° the possibility 
that the aluminium was derived from infant for- 
mulas was not considered. 

More recently, cerebral aluminium accumulation 
has been documented in two infants with neonatal 
uraemia who developed a progressive and fatal 
encephalopathy in the absence of phosphate binding 
gels or dialysis with water appreciably contaminated 
with aluminium.’ Both infants were fed with a 
proprietary milk formula that was found to contain 
high concentrations cf aluminium relative to breast 
milk. 

Our results confirm that infants may be exposed 
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to appreciable amounts of aluminium from a variety 
of proprietary milk formulas, some of which contain 
more than 15 times the concentration of aluminium 
already implicated in cerebral toxicity.* This source 
of exogenous aluminium may, contribute to other 
recognised forms of neurological and intellectual 
dysfunction in infants with chronic renal insuf- 
ficiency. The effects of exposure to large quantities 
of ingested aluminium in infants with lesser degrees 
of renal impairment or normal renal function remain 
to be documented. i 

By comparison with phosphate binding gels, the 
total aluminium content of infant milk formulas is 
only modest. In the absence of other commonly 
recognised risk factors cerebral toxicity may there- 
fore reflect a greater bioavailability of aluminium in 
milk formulas or an increased luptake of aluminium 
by the immature brain. | 


The authors gratefully acknowledge ithe cooperation of Sister 
Barton-Bishop for her help with the f and Mrs L Beer for the 
preparation of the manuscript. 
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SUMMARY A scheme providing general professional training for doctors in community child 
health is described. The scheme covers three years and gives broad clinical experience in general 
hospital paediatrics, community paediatrics, psychiatry, and general practice. Tke aims of the 
scheme and service needs and future structure for our trainees are discussed. 


Over 4000 doctors work within the community child 
health services in Great Britain.’ In spite of numer- 
OLS reports and working parties,’ health author- 
its have generally been slow to implement any 
training proposals for doctors in community child 
health comparable with those provided for other 
groups of doctors. Yet the clinical content is broad, 
including primary and specialist services,” statutory 
Obligations with respect to education and social 
services,” and the complex task of liaison within 
ard across professional boundaries. The Notting- 
hem scheme is designed to provide a three vear 
general professional training in community child 
health. The scheme operates within the recom- 
mendations of the Forfar report” and covers a three 
year period. The first trainee was appointed in 
February 1984. 


Ams of the scheme 





Bese are as follows: 

(1) To provide a basic training in paediatrics. 
(2) To show the need for knowledge about the 
lezal community to understand better the problems 
wth which its inhabitants present. 

(3) To provide knowledge about the service 
networks that exist both within and outside medi- 
crae in the community. This knowledge needs to be 
quite extensive, involving health, education, social 
Services, and voluntary organisations. The outcome 
of service integration and interprofessional working 
can enly be achieved through such knowledge. 

(4) To provide a long term perspective. Although 
we are concerned about short term outcomes where 
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acute problems arise, the concept of ‘fit for the 
future’ embodied in the Court report? should 
underlie the work of the community paediatrician. 

(5) To emphasise the importance of health edu- 
cation and preventive medicine and to develop 
personal skills in this area. 

(6) To encourage initiative and innovation in 
community child health practice. 

(7) To develop insight into the difäculties of child 
rearing and to establish rapport and empathy with 
parents and children. 


Outline of the scheme 


The scheme contains the following personnel. 

(1) Senior house officer in paediatrics at the 
University Hospital, Nottingham, appointed for six 
months, which is split into two month sections in 
paediatric accident and emergency, paediatric 
medicine, and paediatric surgery or orthopaedics. 

(2) Senior house officer attachment in Inner City 
Community Paediatric Team, appointed for one 
year. 

(3) Senior house officer in adult psychiatry, 
appointed for six months. 

(4) Trainee in general practice (arranged through 
the Nottingham Vocational Training Scheme), 
appointed for one year. 

The scheme uses existing trainiag posts, other 
than the new one year attachmen: in community 
child health, which is funded from the child health 
budget. This takes place within the Community 
Paediatric Team, which provides services to part of 
the inner city area of Nottingham with a population 
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aged 0-15 years of approximately 21 000. The whole 
team is linked to the University Department of 
Child Health. The team leader is a senior lecturer 
holding honorary consultant status. The organis- 
ation of the Community Paediatric Team is described 
elsewhere. As well as the senior lecturer there are 
two lecturers, who have teaching and research 
commitments in the University in addition to their 
clinical responsibility in the community, two part 
time registrars (funded by the' Regional Retraining 
Scheme), and the two senior house officer appoint- 
ments. 

The year in the community consists of three 
elements: supervised clinical) experience in the 
community, attendance on the Nottingham Uni- 
versity Day Release Course in Child Health, and a 
series of attachments to a wide range of other child 
or family centred resources. ‘Table 1 shows the 

timetables of each of the two senior house officers, 
with rather more ses pOnSIEIty being given in the 
second six months. 

The clinical experience consists of child health 
and school health services After a short introductory 
period of observation the work of the senior house 
officers is initially in parallel with the senior lec- 
turer. The good clinic premises available enable two 
doctors to work in parallel so; that the trainee has 
access to the senior lecturer for elp with clinical 
problems. There is a weekly tuto ial session at the 
end of one afternoon at which i individual cases and 
general management issues ;ar¢ discussed. The 
trainees are encouraged to sit the Diploma in Child 
Health examination, and guidan on background 
study is given. 

The Nottingham Postgraduate Course in Child 
Health has been running since, 1976. It covers three 
terms of 10 weeks each. Term A covers the child and 
his illness, term B the child and his handicap, and 
term C the child and his behaviour. An average of 
12 doctors from districts in the Trent region attend 
the course, coming from community child health, 

| 
t 
Table 1 Senior house officer—general timetable 


general practice, and hospital paediatrics. Informa- 
tion units and case histories augmented by slides are 
provided for each of the sessions and are read in 
advance. The course day consists of a discussion of 
the course units, which is usually led by a consultant, 
and often followed by practical demonstrations and 
visits—for example, to special schools. There is a 
multiple choice question paper at the end of each 
term and a research project is carried out by each 
course member over the year. These projects (a 
number of which have been published) are pre- 
sented at an open meeting on the last day of each 
term. Each term is self contained so that the doctors 
can begin at the start of terms A, B, or C. In 
addition to the year course, there are also short - 
skills modules on _ hearing/otorhinolaryngology, 
ophthalmology, and immunisation. Future skill re- 
lated modules are planned in other areas—for 
example, developmental surveillance. 

The attachments to other medical and non- 
medical services are largely completed in the first six 
months. These are summarised in Table 2. They 
have served to provide knowledge about other 
disciplines and promote understanding and coopera- 
tion between agencies. 

The attachment to the adult psychiatric service is 
to a consultant with both hospital and community 
responsibilities. It is our belief that psychiatry is an 
essential component of the training of every 
paediatrician. Problems presenting in children are 
often related to difficulties in their parents and do 
not arise de novo. A senior house officer post in 
child psychiatry is not available to our trainees as 
previous psychiatric experience is regarded as neces- 
sary for the appointment. 

After the year as a trainee in general practice the 
doctor will have experience of children within the 
three medical settings in which they are seen: 
hospital, general practice, and community paediat- 
rics. This should provide balanced knowledge and 
appreciation of the service as a whole. 


Monday Tuesday Wednesday Thursday Friday 
Morning: | 
First six months Primary schools School clinic’ Postgraduate Secondary schools Visits 
observation/clinical nursery classes course and visits 
Second six months Primary schools School clinic Postgraduate course Secondary schools Home visits 
clinical, practice special school and project work 
Afternoon: 
First six months Clinical discussion/ Child health Postgraduate course Child health clinic/ Visits 
primary schools clinic and visits home visits 
Second six months ical d i Child bealth Postgraduate course Child bealth clinic/ Child beaith 
primary schools i and visits visits i 
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Table 2 Summary of attachments to non-medical and 
medical services in the year’s training, most of which are 
campleted in the first six months 





Health 
Dermatology 
Eers, nose, and threat 
Orthopaedics 
Peediatric surgery 
Cohthalmology 
Caest clinic 
Caildren’s hearing assessment centre 
Genetic counselling clinic 
Caild development centre 
Growth clinic 
Cammaunity nursing 
Camimunity health council 
Caild health unit administration 
Health education department 
Education 
Cassraom experience in primary and secondary schools 
Special schools with community paediatrician: 
Moderate learning difficulties 
Severe learning d:fficulties 
Physical handicap 
Deaf 
Partially hearing unit 
Education welfare service 
Schools psychological service 
Sacial work 
National Society for the Prevention of Cruelty to Children special unit 
Arca social services team 
Residential children's home 
CHservation and assessment centre 


Eiscassion 


Several outcomes are possible after completion of 
tke scheme. Most doctors will be expected to work 
within community child health. The need for doctors 
ia community child health will continue, though 
more specialist skills are likely to be required of 
them as general practitioners and community nurses 
take on some of the primary care functions. Some 
doctors will enter general practice, which has 
become increasingly interested in child health sur- 
veillance and prevention. We acknowledge, 
however, that, although our candidates in theory 
have satisfied the requirements for postgraduate 
training in general practice, further experience in 
aclult specialties would be necessary. Other doctors 
may wish to undertake further training in paediat- 
rcs, community medicine, or other specialties. 

The scheme as outlined operates on a full time 
basis. We are also attempting to provide an equiva- 
lent training for other doctors on a part time basis. 
We see this as an area for further expansion for the 
training programme. 

The programme puts great emphasis on training 
as well as the service content. We feel this is 
essential if high standards are to be attained in 
cinical practice. They are necessary if the develop- 


ment of community paediatrics is to continue. Many 
children are admitted to hospital for largely non- 
medical reasons;'* others are admitted for essen- 
tially preventable disorders or because of late 
diagnosis. We see community paediatrics as needing 
to address itself to these problems. Other develop- 
ments might be a more community based service for 
handicapped children, paediatric home care ser- 
vices, and close working relations with general 
practitioners. Community paediatrics may also pro- 
vide a more cost effective alternative to hospital 
outpatient care. (Tresidder J. Unpublished report.) 

We recommend that each district should have 
training posts in community child health just as they 
do in other specialties. Appointments to career 
grade posts should be from those doctors who have 
completed this appointment or an equivalent train- 
ing. The doctors in career grades (clinical medical 
officers, senior clinical medical officers, or consul- 
tant paediatricians in community child health) will 
provide the continuity of care of service while 
doctors in training posts will be appointed for fixed 
terms. One doctor in each district needs to carry 
responsibilities for training. Lastly, and essentially, 
adequate funds must be available to support initial 
training and further postgraduate medical education 
to maintain clinical standards. 


We thank Professor David Hull, Dr Margaret Oates, Dr Norman 
Miles, Dr P Lane and Dr J Bilkhu, and all the doctors involved in 
the child health services in Nottingham. Typing was by Miss 
Lorraine Elliott. 
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Special report 


Screening for the detection of congenital dislocation 


of the hip 


The last guidance on screening for the detection of 
congenital dislocation of the hip was published 
ta 1969. Since then, results of various research 
sudies have become available. The Standing 
Medical Advisory Committee and the Standing 
Nursing and Midwifery Advisory Committee agreed 
that the 1969 guidance needed to be reviewed and a 
Working Party was set up to recommend good 
practice in screening for this condition. This report 
kas been accepted and endorsed by the full 
Committees, 

This handbook is concerned only with screening 
for congenital dislocation of the hip and offers no 
ædvice on the clinical management of the condition. 

Congenital dislocation of the hip encompasses 
varying degrees of instability, subluxation and dys- 
plasia of the hip joint and should no longer be 
regarded in terms of simple “dislocation”. The term 
is strictly speaking therefore inaccurate but is being 
retained because of its long standing usage. 

Congenital dislocation of the hip (referred to in 
tie following paragraphs as ““CDH”’) is defined as 

“a congenital deformation of the hip joint in 

which the head of the femur is (or may be) 

partially or completely displaced from the aceta- 
bulum. The term embraces secondary hip dyspla- 
sia whether or not hip instability or dislocation 
persists” 

A glossary of terms used is at Table 1. 

It is estimated that in 15 to 20 per 1,000 live births 
taere is evidence of hip instability at birth. How- 
ever, in a large proportion of these cases the signs 
resolve without treatment in the first weeks of life. 
This does not guarantee normality however. Ap- 
rroximately 10% of unstable hips will persist to 
saow classic signs of dislocation in infant life while a 
farther 10% are likely to show evidence of dysplasia 
and/or subluxation. 

It is clinically impossible to detect every CDH at 
tirth. It is also impossible to identify those babies 
whose hips will not recover spontaneously. There 
nust therefore be continuing surveillance at least 
until the child is seen to be walking normally. 
Guidance on how to undertake examinations for 
CDH at different ages is at Annex A. It is important 
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that all health professionals who have responsibility 
for newborn babies and young children are: 

(1) aware of risk factors suggestive of CDH; 

(2) alert to the signs suggestive of CDH; 

(3) alert to observations made >y parents; 

(4) able to ensure that all infants are screened in 

the way described in following paragraphs. 

Accurate records should be kept whenever and 
wherever the examinations are carried out—at 
hospital, at home or elsewhere. 

As outlined later in this handbook, a number of 
people from different disciplines are involved in 
screening for CDH. The statutory authorities and 
training bodies are invited to review training needs 
in the light of the recommendations contained in this 
handbook. 


Aetiology and ‘‘at risk’? groups 


The hip joint develops during the first trimester of 
pregnancy and, in the absence of malformation, is 
initially a normal joint. 


Table 1 Glossary of terms and definitions 


Definition 

Congenital Existing at or before birth 

Dislocation Displacement of articulating bones leading 

to a separation of joint surfaces 

Hip The articulation between the femur and the 
pelvis 

A spectrum of deformation of the hip joint, 
present at birth in which the head of the 
femur is, or may be, partly or completely 
displaced from the acetabulum, The term 
embraces secondary hip joint dysplasia 
whether or not hip instability or dislocation 
persists 

A partial dislocatior 

A normally located hip which may be 
provoked into subiuxation (or dislocation) 
by gentle manipulation 
(Synonyms—unstable hip, 

prelu<ation hip.) 

A primary error in morphogenesis present 
at birth (an embryopathy) 

An alteration, present at birth, of a previously 
normally formed nart of the body 
(a fetopathy) 

An abnormality of development 


Congenital dislocation of 
the hip 


Subluxation 
Subluxable hip 
(Distocatable hip) 


Congenital malformation 


Congenital deformation 


Dysplasia 
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In utero, the fetus lies in a flexed position. This 
physiological state changes or y slowly during the 
first few months of life so that forced extension of 
the hips at, or soon after, birth may encourage an 
unstable hip to dislocate. It is reassuring to learn 
from the professions that normally babies are no 
longer held upside down by the ir legs after delivery. 
Such a practice is to be discour a. Likewise, when 
measuring the length of a newborn baby, or if any 
surgical attention is required, care must be taken not 
to extend the hips forcibly.| Tight swaddling of 
newborn babies should be discouraged as this holds 
the hips in extension and adduction and limits all 
movement. Newborn infants should whenever pos- 
sible sleep in a prone position. 

The condition is more common in girls and in first 
born babies. In addition the following factors place 
babies at greater than average risk of CDH: 

(1) family history of the condition; 

(2) infants presenting by the breech; 

(3) other congenital postural deformities, such as 

those of the foot; 

(4) -births by caesarean ion; 

(5) oligohydramnios; | 

(6) fetal growth retardation; 
and particular care should be jtaken to ensure that 
these babies are regularly examined at least until 
they are seen to be walking normally. However, in 
40% of affected babies no risk factors are found. 


When to screen 


Screening for CDH should |be regarded as an 
integral part of overall child health surveillance. As 
T in previous paragraphs, it is essential to 
e-assess the possibility of this condition until a child 
is seen to be walking normally. The child should 
always be undressed for these examinations. 

. The following times for screening are recom- 
mended and may coincide with other routine de- 
velopmental tests. ! 
Within 24 hours of birth. This examination is 
particularly important as some affected hips may 
temporarily lose the signs of instability : shortly after 
birth. In view of the risks associated with excessive 
manipulation of the hip joint, duplication of the 
examination by both midwife and doctor should be 
avoided. Each maternity unit should determine its 
own policy in this respect to ensure that there is only 
one examination. 

Arrangements should be |made within each 
maternity unit to ensure that! babies admitted to 
neonatal units, or babies who are to stay in hospital 
for only a few hours following delivery, do not miss 
this first examination. For babies born at home, the 


examination should be undertaken by the general 
practitioner (GP) or the midwife. 


At the time of discharge from hospital. This will 
depend on the timing of the baby’s return home but 
normally the second examination will be undertaken 
within 10 days of birth. 

Written information on the examination for CDH 
should be sent together with information on any 
other tests undertaken in hospital, to the mother’s 
GP and community midwife or health visitor as soon 
as possible following discharge. Full details should 
be recorded in the neonatal discharge record and 
parents should always be kept fully informed. 


At 6 weeks of age. By this time the Child Health 
Record should have been opened. This examination 
and the examinations carried out at the times 
recommended in the following paragraphs should be 
carefully recorded in this by whoever undertakes 
them. 


Between 6 and 9 months of age. 


Between 15 and 21 months of age. Even if a child has 
been examined at earlier stages, this is a most 
important time as the child can be seen to be 
walking and some may now present with a limp or 
other abnormality of gait. 


The child’s gait should be reviewed at 24 years and 
again at pre school entry medical examination. 


Who should screen? 


A number of health professionals may at some time 
have to examine a child’s hips. It is important that 
whoever actually undertakes the examination 
should be proficient in the skill. 

District Health Authorities should have a clear 
policy outlining who is responsible for undertaking 
the examination for CDH at the ages outlined above 
and for passing the results, r notification that the 
examination has not been done, to the GP and the 
community midwife or health visitor. 

A designated officer within each District should 
keep the whole screening programme under review 
and record and evaluate the incidence of cases 
detected late. Such information should be made 
available to health professionals concerned. 

It is important whenever an abnormality is sus- 
pected that the child is referred without delay to a 
consultant with experience in this condition, usually a 
paediatrician or an orthopaedic surgeon. 

Training in the examination of a child’s hips is of 
crucial importance. Although‘ well-described in the 


literature, the techniques can be difficult to learn 
wichout experiencing the “feel” of the normal and 
urstable hip during the manoeuvre. The repeated 
examination of a neonate’s hips for training pur- 
pcses is not justified, particularly as this may cause 
damage in a hip that is already unstable. A training 
aid, in the form of a model of a newborn’s pelvis, 
wkich simulates the “feel” of both the dislocated 
amd dislocatable hip, is now available, although not 
or general sale within this country. (See Annex B 
fo- further details.) 


Acvice and support needed by parents 


If an abnormality is suspected, parents will obvi- 
ously be in some distress and may need advice from 
their GP and from other health professionals 
whether working in hospital or in the community. It 
is ‘helpful if that advice is consistent and based on 
krown fact. 

Dnce the condition has been diagnosed parents 
wel need to be advised of the natural history of the 
coadition, the programme and probable length of 
treatment, follow up and the likely outcome. It may 
be helpful for health professionals to offer to put 
parents in touch with other families who have had a 
baby with the same condition. Above all, parents 
should be reassured that CDH is a treatable 
condition. It must also be never forgotten that the 
beby has the same needs in all repects as any other 
béby. 

Health professionals should be aware of the need 
to- counsel parents on the possibility of CDH 
occurring in future pregnancies. As mentioned in 
earlier paragraphs the incidence of CDH is many 
times higher than average if there is a family history 
of the condition. (Professor P S Harper’s “Practical 
Genetic Counselling’ —referred to in Annex B— 
gives specific figures on the risk of recurrence of 
COH within a family.) 


Feture developments 


The use of radiographic examination of the hips as 
pert of a screening programme is contraindicated as 
it would result in an unacceptable number of infants 
being exposed to radiation. An ordinary AP radio- 
graph of the pelvis will not usually demonstrate an 
urstable hip and therefore will generally be unin- 
formative before a baby is 3 months old. X-ray 
examination of the hip is however most important 
for a child in whom a clinical diagnosis of hip 
displacement has been made. 

Over the last few years much work has been done 
on the use_of ultrasound scans in the diagnosis of 
COH, Some centres in Europe now use the method 


Screening for congenital dislocation of the hip 923 


in a neonatal screening programme and this work is 
now being evaluated in the United States and in the 
United Kingdom (see suggested further reading 
listed in Annex B). An ultrasound scan enables the 
examiner to evaluate and record the anatomy and 
some of the functions of the hip joint and such an 
examination can be undertaken soon after birth. 

It is well recognised that instability of the hip 
evident at birth may disappear within 24 hours. An 
ultrasound examination may be able to act as an 
additional diagnostic tool at this stage since it has 
been demonstrated that a scan remains. abnormal 
despite the absence of abnormal signs. It has also 
been shown that when a unilateral abnormality is 
present clinically, ultrasound may reveal deforma- 
tion of both hips. 


Annex A 
Examination for congenital dislocation of the hip. 


A. The signs of CDH, and hence the method of 
examination, vary with the age of the patient and 
the progress of the condition. In the early weeks of 
life usually the only abnormality present is hip 
instability, which may be detected by the Ortolani/ 
Barlow manoeuvre. The classic signs of dislocation 
are not seen frequently in the neonatal period but 
become increasingly common thereafter. In the 
second year of life these signs include those of 
abnormal gait when the child has learnt to walk. 


B. In examining for CDH it is essential that the 
infant or child be undressed from the waist paowa: 
wards. 


C. The modified Ortolani/Barlow manoeuvre 
(1) This method of examination is of particular 
value in the neonatal period and up to the age of 
3 months. 
(2) The examiner’s hands should be warm, the 
examination gentle, and the baby relaxed. 
(3) The infant lies on his/her back with legs 
towards the examiner and the hips adducted and 
fully flexed. 
(4) The hips may be tested for instability one at a 
time‘or simultaneously. 
(5) Examination of each hip separately—see 
' Figure 1 (page 924). 

For examination of the left hip the examiner 
steadies the infant’s pelvis between the thumb of 
his left hand on the symphysis pubis and the 
fingers under the sacrum. 

The upper thigh of the left leg is grasped by the 
examiner’s right hand with the middle digit over 
the greater trochanter, with the flexed leg held in 
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(6) Examination of both hips simultaneously— 
see Figure 2 (below). 
Instead of using one hand to steady the infant’s 
pelvis, the examiner grasps both thighs as de- 
scribed above in section (5) and undertakes the 
Ortolani/Barlow manoeuvre on both hips simul- 
taneously. 
(7) Note that ligamentous clicks without move- 
ment of the head of the femur in or out of the 
acetabulum may be elicited in 5%~10% of hips 
and should be disregarded. 





D. Examination for classic signs of dislocation 
(1) The classic signs of dislocation may be 
present at birth. They become increasingly 
common after the first six weeks as the legs 
extend, the head of the femur displaces 
upwards and the soft tissues around the hip 
joint become shortened. 

(2) The signs are much easier to detect when 
dislocation is unilateral as the abnormal leg may 
then be compared with the normal side. 

(3) Unilateral dislocation. 

Leg posture: the thigh on the affected side tends 





Figure | 


the palm, and with the thumb on the inner side of 
the thigh opposite the lesser trochanter. 

An attempt is now made to move the femoral 
head in turn gently forwards into, and backwards 
out of, the acetabulum. 

In the first part of the manoeuvre the middle 
digit is pressed upon the greater trochanter in an 
attempt to relocate a posteriorly displaced head 
of the femur forwards into the acetabulum. If the 
head is felt to move (usually not more than 0-5 
cm) with or without a palpable and/or audible 
‘clunk’, then dislocation is present. 

The second part of the manoeuvre tests for 
subluxation (dislocatability). With the thumb on 
the inner side of the thigh, backward pressure is 
applied to the head of the femur. If the latter is 
felt to move backwards over the labrum (the 
fibro-cartilaginous rim of the acetabulum) onto 
the posterior aspect of the joint capsule (again a 
movement of not more than 0-5 cm and often 
accompanied by a ‘clunk’), then the hip is said to 
be subluxatable (dislocatable). 

To examine the right hip, the role of the 
examiner's hands is reversed. Figure 2 





to be held in partial lateral rotation, flexion and 
abduction. 

Lnb shortening: there is above-knee shortening 
as compared with the normal leg. This is most 
apoarent when the hips are flexed and the level of 
the knees compared (Figure 3, below). 
Asymmetry of thighs: asymmetry of the junction 
of the thigh to the trunk as viewed from the front 
and of the skin creases on the inside of the thigh 
mèy be apparent. 

Flattening of the buttock: when the infant is laid 
prone the buttock on the side of the dislocation 
may appear flattened. 

Linitation of abduction: this is the most impor- 
taat sign of dislocation. The infant lies on 
his/her back with hips flexed at 90°. The thighs 
wil normally abduct to about 75°. In the presence 
of dislocation abduction may be limited. 

Hap instability: resistance to abduction may give- 
wey with an Ortolani ‘clunk’ as the head of the 
femur reduces. Although hip instability gets 
progressively less common as the infant gets 
older, it may persist well into the second year. A 
push-pull manoeuvre of the femur may also be 
used to demonstrate the phenomenon of 
“talescoping”’. 

(49 Bilateral dislocation. The signs are as above 
except that there is no normal hip for comparison. 
The upward and outward displacement of both 
th.ghs may leave a perineal “gap”. 

(5) Gait. Most children with CDH stand and 
walk at the normal time. However, approxi- 
mately 20% of children with CDH will still not 
be walking at the age of 18 months (as 
cempared with 5% for the whole population). 
Therefore, failure to walk by 18 months should 
prompt examination for CDH. 

Unilateral dislocation gives rise to a limp. 
The child may fall to the affected side. When 
dislocation is bilateral the gait is waddling in 
character and there is a marked lumbar lordo- 
sit. Abnormality of gait is usually first noticed 
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Table 2. The relevant examination for CDH in 
relation to age 
Age Examination for CDH 
Ortolani! Classic Gait 
Barlow signs 
Within 24 hours of 
of birth i 5 ~ 
On discharge from 
hospital s $ = 
© weeks * : = 
6-9 months = z ~ 
15-21 months ~ : : 


24 months+ ~ 





by the parents and their observatiors should be 
carefully checked. 

(6) Trendelenburg sign. The older child (2 
years+) may be asked to balance on the affected 
leg. The hip abductor muscles, having no fulcrum 
to act on because of dislocation, cannot hold the 
pelvis level and it drops on the oppos:te side. The 
child, in an effort to maintain balance, leans 
towards the involved side. The Trendelenburg 
sign 1s then said to be positive. 


Annex B 
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1990 April 3-7 
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1994 April 11-15 (provisional) 
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Correspondence 


2dical care in severe mental handicap 
Sir, 
I waoleheartedly support Dr MacFaul’s plea for continua- 
tioc of National Health Service treatment facilities as a 
necessary back up to community care now that mental 
hardicap hospitals are closing their doors.! Time and again 
one comes across situations requiring prolonged admission 
to tae ward because of relapse in fit control, severe feeding 
difficulties, severe respiratory infection, deterioration in 
be-aviour, and also emergency admission for short term 
respite care when social service provision fails, as it is more 
geared to planned placement. We try to cope with these 
prcblems in the acute paediatric ward, which is so busy 
dedling with acutely ill children that adequate observation 
anc management of the handicapped child is considerably 
compromised. 

While agreeing with Dr MacFaul that the paediatric 
department of a district general hospital has a role in the 
management of these children, it is necessary to point out 
that extra facilities will be required in the way of 
appropriate ward accommodation and nursing staff who 
have the appropriate skills. Such a unit (probably not more 
than 10 beds in size) would provide the flexibility of care 
(treatment and emergency short term respite care) that is 
so often needed, particularly for the profoundly handi- 
capped. It is at times of crisis that parents most need help, 
and it is in these circumstances that the present pattern of 
care so often fails. 

Hf the current philosophy of community care for the 
severely mentally handicapped child is to succeed then it is 
essential that a specific hospital resource is provided for 
them, and we as paediatricians should make the Depart- 
ment of Health and Social Security and local planners 
aware: of this present lack of provision. 


Reference 


|! “facFaul R. Medical care in severe mental handicap. Arch Dis 
Thild 1986;61:533-S. 


S H Rovussounis 
St James’s University Hospital, 
Leeds LS9 7TF 


Head circumference charts updated 


Sir. 

We have read with interest the report of Ounsted et al of a 
pozitive secular trend in head circumference from birth to 7 
years.! We also have found that mean head circumference 
du-ing the first year is about 1 cm greater than that 
presented in standard growth charts” ? and lies roughly on 
the 75th centile of the reference values. 
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One hundred and twenty six babies born in Cambridge 
in 1984-85 were measured at four weekly intervals 
throughout their first year, and measurements are con- 
tinuing into the second year. Birth weights were all more 
than 2500 g and gestational ages cver 37 weeks. 
Altogether, 65% were breast fed to at least four months, 
and solids were introduced at a mean age of 3-3 months. 
Disposable paper tapes were used, which in preliminary 
measurements compared with a steel tape gave readings of 
plus 1 mm, but the steel tape was considered unsuitable for 
use with young babies. Paper and fibreglass tapes, how- 
ever, gave identical readings. The largest of two readings 
round the occipitofrontal circumference was taken. 


The results, shown in the Table, are very similar to those — 


Table Head circumference from 2 weeks so 1 year 


Age No Boys No Girls 
(weeks) Mean (SD) Mean (SD) 
2 3% 3&3 (1-3) 24 36-1 (0-9) 
4 66 37-8 (1:3) #8 37-3 (1-0) 
B 67 39-8 (1-2) 58 39-1 (10) 
12 67 41-1 (1-1) 59 40-2 (10) 
16 67 42-2 (1:1) 59 41:3 (1-1) 
20 67 43-2 (1-2) 58 42-2 (1-2) 
24 67 44-1 (1-1) 58 43-0 (1-2) 
28 63 44-9 (1-2) 539 43-8 (1-2) 
32 67 45-5 (1-2) 59 44-4 (1-2) 
36 67 46-1 (1-1) 59 45:0 (1:3) 
40 66 46-5 (1-1) 9 45-4 (1-3) 
44 66 46-9 (1-2) 59 45-8 (1-3) 
48 64 47-4 (1-1) 59 46-3 (1-3) 
52 65 47-7 (1-2) 59 46-6 (1-3) 


of Ounsted et al.' Although 57% of the babies came from 
the non-manual social classes (I, I, and IIN), there were 
no differences between these babies and those in the 
manual social classes (IIM, IV, and V). 

Growth charts for infancy in current use in the United 
Kingdom include the Gairdner-Pearson charts? as well as 
those of Tanner already discussed by Ounsted et al.' For 
the head circumference centiles from birth at 40 weeks to 2 
years Gairdner and Pearson used the classical Harvard 
data, which was collected between 1929 and 1939. The 
more recently published centiles of the National Center for 
Health Statistics, adopted for international use, also 
include data originating from 1929.7 We reiterate our plea 


that it is time that new charts were prepared for the present . 


generation of babies to describe adequately the events that 
are taking place during this most rapid period of growth. 


A A PAUL, 

E A AHMED, and 

R G WHITEHEAD 

MRC Dunn Nutrition Unit, 
Cambridge CB4 IXJ 


a 


928 Correspondence 


Dr Ounsted comments: 


We entirely endorse the views of Dr Whitehead and his 
colleagues. Their head circumference findings are particu- 
larly important as they have shown elsewhere‘ that from 4 
months onwards the weights and skinfold thicknesses of 
babies born in the 1980s and fed i in a manner more or less 
in line with ‘Present day practiceiin infant feeding” were 
well below the median of the standards currently in use. 

Both studies draw attention to a positive secular trend in 
head growth in the last 30-40 years. Centile curves were 
created from our own data, and due to the relatively small 
numbers the 95% confidence limits were fairly large. 

Nevertheless, at no point from birth to 7 years did the 50th 
centile of the UK standard charis® fall within the confi- 
dence limits of our mean values for either sex. The 
differences between the two sets of data were greater for 
boys than for girls and more pronounced at the upper than 
the lower end of the distribution from 3 years onwards. Up 
to date charts are urgently needed for the assessment of 
head circumference growth in the present generation. 


i 
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Congenital hypothyroidism missed on 


screening , 


| 
Sir, | 
The claim by Grant et al that three cases of congenital 
. hypothyroidism were missed in |the first five years of 
screening in Northern Ireland is a cause for concern.’ 
Closer scrutiny of their data suggests, however, that all 
three cases should have been detected on the evidence 
available in the neonatal period. Thyroxine screening 
alone is generally recognised to be too insensitive. Never- 
theless, whole blood thyroxine concentrations of 41, 38, 
and 53 nmol/l, respectively, are below the normal adult 
range, let alone the higher range documented for normal 
infants.* The fact that concomitant thyrotrophin concen- 
trations were all <25 mU/ should not have deterred recall 
and further investigation even if congenital thyroxine 
binding globulin deficiency had explained the results. We 
would also question the wisdom of the whole blood 
thyrotrophin cut off value for = Our policy is to repeat 


a blood spot thyrotrophin evaluation from the same card . 
for values between 10-20 mU/1; if confirmed in this range, 
a further blood spot is collected for analysis. Any value 
> 20 mU/ dictates recall for a venous blood sample. 

In the first five years of screening for congenital 
hypothyroidism in Wales 161 239 infants have been tested 
and 29 hypothyroid infants identified. The lowest blood 
spot thyrotrophin concentration in the hypothyroid group 
was 55 mU/l. To our knowledge, no cases have been 
missed. We wish to reassure paediatricians that the present 
screening policy used in most centres in Europe is reliable 
but never infallible. Clinicians should not hesitate to 
institute a further check on thyroid function if symptoms 
and signs of hypothyroidism are suspected. 
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Turmer’s syndrome 

Sir, 

In Dr Brook’s interesting article on personal practice in 
Turner’s syndrome he states that there is often ‘mis- 
apprehension about intelligence’ in these patients and ‘that 
an academic career is not precluded’.' He goes on to say 
that ‘this is obviously in pronounced contrast with some of 
the other séx chromosome disabilities such as Klinefelter’s 
syndrome’. This is another misapprehension. Since 1968 
we have been conducting a longitudinal study of growth 
and development on children with sex chromosome 
abnormalities, including 19 boys with the sex chromosome 
constitution 47,XXY, ascertained by population screening 
and hence free of ascertainment bias. Three of these boys 
have verbal scores of 130+ on the Wechsler intelligence 
scale for children, as has one of four referred cases, so they 
may well proceed to academic careers. While it is true that 
the group as a whole shows a small but significant lowering 
of intelligence quotient compared with controls, there 
remains a relation between the child’s cognitive ability and 
social class, as reflected in the occupation of the father.” 
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Sam.ey G RATCLIFFE 
Western General Hospital, 
Edinburgh EH4 2XU 


rchives of Disease in Childhood, 1986, 61, 929-930 
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‘If-injurieus Behaviour: a collection of 
iblished papers on prevalence, causes, 
id treatment in people who are mentally 
indicapped or autistic. By G Murphy and 
Wilson. Pp 455: £9-95 paperback, £19-95 
irdback. BIMH, 1985. 


his book has three sections dealing with 
ndemiolkegy, aetiology, and treatment, 
ich with an introduction by the authors. 
hese introductions summarise the pre- 
ously published papers that follow and 
nount to an expanded review of the 
ablished works. Of the list of references 
» the authors’ own papers in the collec- 
on, half also appear as papers in the 
90k. 
The overall introduction defines self 
qurious behaviour as ‘any behaviour, 
dtiated Fy the individual, which directly 
‘sults in physical harm to that individual’. 
his is cantrasted with stereotypes that 
wuse incdental injury. No mention is 
ade of parasuicide or self mutilation, 
ich as wrist cutting. 
The sutsections reflect the behavioural 
rientation of the authors. For example, 
yere are nly two papers under the head- 
ig ‘Side effect of minor illness hypothesis’. 
hile these are seventeen under the sub- 
eading “Behavioural treatments’. Psychi- 
ric illness is not mentioned at all in the 
ections en aetiology and treatment, and 
cial factors are not considered. 
It is Cisappointing that the authors’ 
itroductions.do little more than precis the 
apers. They do not adequately discuss 
re difficulties of epidemiology in relation 
> hetereweneous groups of intermittent 
ehaviours. The discussion of ‘diagnostic 
ategories’ is rather narrow. 

They explain that the papers were 
hosen fo- a variety of reasons and are not 
n exhaustive review. I was surprised that 
ne AABT Task Force paper’ was not only 
mitted Fut not even mentioned. 

The awthors’ sections are easily read- 
ble, with a few printing errors. The list of 
eferences is useful, but the index is not 
ery detaaled and ts too similar to the list of 
ontents. Most of the papers are useful, 
nd the Book as a whole is good value. 

This beok will be used as a review of the 
ublished reports and source of seminal 
apers by practitioners and trainees in 
qost disapliaes who work with mentally 
andicapped people. It should be available 


in professional libraries in every district 
and in residential and day units dealing 
with mental handicap. 
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N SIMPSON 


Issues in the Care of Children with Chronic 
[liness. Edited by N Hobbs and J M Perrin. 
Pp 953: £72-25 hardback. Jossey-Bass Ltd, 
1986. 


This book of over 900 pages attempts to 
bring together all topics that relate to 
chronically ill children. Over 70 authors 
have contributed from disciplines that in- 
clude paediatrics, education, sociology, 
nursing, psychology, and economics. The 
thread in common between these papers is 
the impact a chronically ill child makes on 
his family and on society. This book 
describes how North American society has 
responded over the last 20 years to provide 
a service to these children. 

As the methods of health distribution 
and health funding and the educational 
systems have evolved differently in the 
United States British readers may find 
much that is not relevant to their practice. 
The cost of providing a service to children 
with handicaps of all sorts is discussed in 
detail and this comparative information 
may be of value to cost conscious paediatri- 
cians in all countries. 

J J} COGSWELL 


The Lead Debate: Fhe Environment, Toxi- 
cology and Child Health. Edited by R 
Lansdown and W Yule. Pp 286: £25-00 
hardback; £14-95 paperback. Groom 
Helm, 1986. 


The editors, both child psychologists, were 
members of the Lawther Committee, a 
Department of Health and Social Security 
Working Party that reported in 1980. This 
book is an attempt to explain and expand 
on that report and to include findings made 
in the intervening years. The basic chemis- 
try, history, uses, distribution, measure- 
ment, and toxicology of lead are covered in 
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a manner comprehensible to the non- 
medical or non-scieatific reader but never- 
theless with enough detail to satisfy any- 
body with an interest in the topic, whatever 
his or her level of expertise. 

D P ADDY 


Ear, Nose and Throat Disorders in Chil- 
dren. Edited by J E Bordley, P E 
Brookhouser, and G F Tucker Jr. Pp 446. 
Raven Press, 1985. 


This volume is designed as a compact 
reference book that will be useful to 
paediatricians, general practitioners, resi- 
dent trainees in otolaryngology. paediat- 
rics, and family practice, and medical 
students. 

As a general paediatrician | found it both 
too much and too little. 

There is an introductory chapter on the 
mucous membrane and the hazards to 
which it is exposed. The various topo- 
graphical sections tear, nose and sinuses, 
mouth and pharynx, neck, and larynx) are 
introduced by, generally, well illustrated 
accounts of developmental anatomy and 
physiology. 

Communication and its disorders are 
comprehensively reviewed and this com- 
prises 30% of the total book. Insight is 
given into the mysteries of electroco- 
chieography, electronystagmography, and 
tangible reinforcement operant condition- 
ing audiometery, not to mention the 
laboratory assessment of vestibular func- 
tion by a ‘computerised sinusoidally rotat- 
ing chair that relies on slow moving harmo- 
nie rotation.’ Although some of this tends 
to leave the uninitiated slightly giddy, 
highly technical matters are well explained 
amd the section also contains practical 
guidance on the child with communication 
disorder. 

For the general reader, the scientific 
basis of ear, nose, and throat disorders ts 
more than adequately covered. 

What was disappointing, however, was 
the lack, in certain areas, of detailed 
guidelines on clinical management. For 
instance, there is nothing on the technique 
of laryngoscopy, al-hough intubation of the 
trachea (in neonatal asphyxia) is the com- 
monest vital ear, nose, and throat interven- 
tion a paediatrictan has to undertake. 
Foreign body occluding the supraglottic 
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larynx ‘is usually fatal unless . . . treated 
successfully by first aid, as with the Heim- 
lich manoeuvre’; but no account of this 
procedure is given. There are no details on 
the care of a patient with a tracheostomy. 
The paediatrician’s nightmare of acute 
epiglottitis is not relieved by conflicting 
statements that ‘identification of the condi- 
tion can be made if the back of the tongue 
is well depressed’, (page 377), whereas 
most would prefer the cautionary restraint 
‘the patient . . . may easily be completely 
obstructed by meddlesome use of a tongue 
blade’ (page 415). 

The orientation of the book is No 
American and those working in the tropics 
might be disappointed by the coverage|of 
disorders such as diphtheria, tuberculous 
lymphadenitis, cancrum oris, Burkitt's 
lymphoma, or nasopharyngeal carcinoma. 

Overall, this is a good book to have on 
the shelf of the hospital or departmental 
library. It is perhaps less useful to have; at 
your elbow in a clinical dilemma. 


— 


Pre-pregnancy Care—A Manual. for Prac- 
tice. Edited by G Chamberlain and, J 
Lumley. Pp 279: £14-95 hardback. Jo 
Wiley and Sons, 1986. 


‘ 
1 
1 
[} 


There is more to pre-pregnancy care than 
the assessment of pre-existing maternal 
disease or genetic history. This book 
formulates the subject and considers |in 
detail aspects such as smoking, alcohol 
consumption, exercise, and physical and 
mental stress in addition to the more 

routine anxieties of physical disease, pre- 


m mmen ee ts eth HR ne 


vious obstetric performance, and genetics. 
The possible benefits of this field to both 
doctors and prospective parents are likely 
to be more important in future as the ideas 
crystallise more clearly. 

NEIL MCINTOSH 


Jacob’s Ladder: A ts view of 
Portage. By J M Lloyd. Pp 191: £9-95. D J 
Costello, 1986. 


Janette Lioyd’s son, Jacob, has Down’ S 
syndrome. The book describes the family’s 
involvement with the Portage Project, a 
home baséd weekly intervention scheme 
for developmentally delayed children up to 
the age of 5 years. The complexities of 
observing and teaching Jacob are clearly 
and interestingly described, but in addition 
the family’s other needs for services such as 
play groups are emphasised. This is an 
important book, giving a consumer’s point 
of view of services. 

l HELEN MCCONACHIE 


Orthotics—Principles and Practice. By G K 
Rose. Pp 237: £29-95. Wiliam Heinemann 
Medical Books, 1986. 


The field of orthotics covers the manufac- 
ture and clinical use of splints, braces, and 
similar appliances. Few paediatricians have 
much knowledge or experience of this topic 
and are content to leave the prescription of 
orthoses to their colleagues in orthopaedics 
and physiotherapy, who in turn rely heavily 
on the expertise of the orthotist. 
Gordon Rose was for many years consul- 
tant orthopaedic surgeon at the famous 
orthopaedic hospital in Oswestry and is 


chairman of the Orthotic Training Cou 
He has made many original contribui 
to the science of appliances and is prob 
best known outside the world of o1 
paedics for his work on the hip guid 
orthosis. His new book describes the 1 
nical and clinical aspects of a wide va 
of appliances. While some of these hav 
relevance to paediatrics, others look < 
familiar (though before reading this bc 
would have had difficulty in naming n 
of them or describing their precise { 
tion). There are useful sections on 
materials used and on the functional 
tomy of joints, the foot, etc. The in 
tions and complications of each treat 
method are well described and are i 
trated with clear diagrams. 
Orthotics—Principles and Practice is 
marily intended for therapists, orthop< 
surgeons, and rheumatologists,- al 
whom will appreciate the wealth of ex 
ence contained therein. The informati 
perhaps too detailed for anyone ou 
these specialties, and for the paediatr. 
it is rather heavy going. Certainly, all 
the most conscientious of readers wi 
tempted to skip the appendices on 
biomechanics of the foot and on mate 
science. Nevertheless, it would be a u: 
reference work in a child develop: 
centre and could be read with profi 
anyone with a particular interest in « 
bral palsy, spina bifida, and other phy 
handicaps. A few hours spent brov 
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Editorial 


Sixty years young—a Diamond Jubilee 


‘The fields indeed are white unto harvest; the 
hasbandmen are ready and skilful; the workers of 
brgone days hand on to them the sickle and wish 
them good luck and God speed. “He that soweth 
amd he that reapeth shall rejoice together’’.’ 

With these stirring words Sir Thomas Barlow 
imtroduced the first edition of the Archives of 
Disease in Childhood in 1926. We are proud to 
celebrate the Diamond Jubilee and though there 
may be some pedantic paediatricians who will point 
oat that we ought to be celebrating our 82nd 
brthday, rather than our 60th, since the British 
Journal of Children’s Diseases, which amalgamated 
wath us in 1944, began in 1904, nevertheless, we are 
content merely to celebrate our Diamond Jubilee 
today (for whoever has heard of having a special 
party for their 82nd birthday!). 

Birthdays are times for looking back as well as 
forwards and in this issue we have invited some of 
our distinguished colleagues and members of the 
Editorial Committee to share our indulgence. In the 
mirror of the past we sometimes see the present 
more clearly. 

We know that anniversaries are also a time 
for taking stock and that is what our Editorial 
Committee will do most seriously. Changes that 
will occur and that we hope will be beneficial 
for the Journal, however, should be gradual 
because the progress of our Journal has been 
sceady and sure. We understand those who criti- 
ase the title, maintaining that Archives sounds 
cld fashioned—dusty tombs in Vatican vaults—and 
taat the rest of the title emphasises disease too 
much in these days when there should be more 
itterest in disease prevention and in maintenance 
cf child health. Nevertheless, the name of our 
Journal means something important to many 


Tae cover pictures 
Upper — Master Thomas R of Britain in 1926. 
Lower — Miss K Piper of Europe in 1986. 


people and when a speaker at a paediatric meeting 
refers to work that appeared in ‘The Archives’ 
everyone knows what that means and also the 
implied standard. The Archives has grown 
considerably from those early days 60 years ago: 
four times as many pages each year and a far greater 
international circulation. We are proud that the 
Archives has maintained its position within the top 
four for impact in the international Science Citation 
Index for paediatric articles (meaning that if an 
article is published in our Journal it has an extremely 
large chance of being read and quoted in a subse- 
quent paediatric article in another international 
journal). Long may this be so, for it ts a reflection of 
the high standards of those who do research and 
submit their work to us and of those who assess the 
papers. 

Modern technology may seem a threat to scien- 
tific journals; but it is also an ally. Three years ago, 
and three years before Fleet Street, we changed 
from compositor set ‘hot metal’ type to computer 
setting. Last year we became the first specialist 
United Kingdom medical journal to be put on the 
American based Bibliographic Retrieval Services, 
which provides a data storage and computer re- 
trieval service for journals. That itself was a recogni- 
tion of our status as a core journal in the inter- 
national medical literature, and it is that status that 
we believe will enable us to work with future 
advances in technology rather than be submerged by 
them. You cannot fight against the future, and 
60 years gone, with even more to come, are on 
our side. 

Anniversaries are a time tor thanksgiving, and as 
Editors we thank our contributors, our hardworking 
referees whom we name on page 987, our loyal staff, 
and you our readers. 


(The photograph of Thomas R appeared on page 168 of the first volume in an article “A case of Hypertelonsm’.) 
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INTRODUCTION 
BY 
Sik THOMAS BARLOW, Bt, M.D., F.R.S. 


The study of children’s diseases differs from the study 
of other specialties of medicine, because its association with 
general medicine is more intimate and continuous than is the 
case in other specialties. This applies all along the line, to 
research, to clinical observation, to teaching and to practical 
therapeutics. A fair case indeed could be made for treating 
this subject as an integral part of general medicine, but for 
convenience of reference it deserves a notable place amongst 
special branches. 

In an important address given some years ago by Dr. Gee 
on the history of the study of children’s diseases, the claim was 
made that the great landmarks in the subject had been dis- 
covered and expounded by general physicians rather than by 
specialists. But during the last decade such important. steps 
have been achieved in bacteriology, biochemistry and in clinical 
observation likewise, that the soundness of Gee’s dictum, so far 
as the present generation is concerned, may now be disputed. 

What reasons can be urged for the publication of “Archives 
of Disease in Childhood” in this country ? 

(1) Because of the necessity that the conclusions obtained 
by various workers and scattered through various publications 
should be rendered available; (2) because there ought to be 
an opportunity for keen workers in the many departments of 
children’s. diseases to publish and submit for criticism and 
verification their varied observations and experiments: and (3) 
because of the need to set forth in concrete and detailed form 
the results of new discoveries in diagnosis and treatment with 
a view to their employment in practice for the public good. 

When we reflect on the generalisation which applies to 
the symptomatology of disease in child life and on the 
responsiveness of the child’s nervous system we must 
deprecate any marked dichotomy of specialism in so far as the 
organs of the child are concerned. A more desirable classifi- 
cation in spheres of labour would seem to be based on the 
different periods of child life. 

Pre-natal life; infancy reckoned from birth to the age of 
two years; early childhood, from two years to five years of 
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age; late childhood, from five years to puberty, would seem 
to be a fair division. 

Of these the pre-natal period in many ways seems the 
most important and far-reaching; obscure and limited as it is, 
some valuable additions have lately been made to our know- 
ledge concerning it. The nutrition of the mother, considered 
exclusively as it affects that of the fœtus, may be very 
important indeed. It has been denied that there is any true 
foetal rickets apart from osteogenesis imperfecta and achon- 
droplasia. These two categories as well as early fragilitas 
ossium may be classified with developmental vagaries and 
associated with congenital malformations. But does true 
rickets sometimes begin in the fetal period È? It is noteworthy 
that in families in which several members are successively 
rickety the early children are least so, and the later children are 
increasingly so. This suggests that the mother's gradual failure 
in nutrition during successive pregnancies may play some part 
in the etiology. The date at which the earliest tangible 
evidence of rickets becomes manifest may throw light on this 
question. 

The trend of clinical observation and of therapeutic expe- 
rience seems after all to point to the rickets with which we 
are concerned as mainly a post-natal and predominantly a food 
disease. The experiments on puppies performed by Dr. 
Mellanby would seem to place rickets amongst the “ deficiency ” 
diseases, the deficiency being in protein and absorbable fat and 
probably therewith the activating fat soluble vitamin A. The 
most efficient of all foods in the prevention of rickets in the 
infant period is admittedly mother’s milk, but fresh cow's milk, 
cream, butter, suet, egg, dripping and animal fats have all to 
be reckoned with as useful and efficient substitutes under 
certain limitations. Animal fats are definitely superior to 
vegetable fats, butter being far better than vegetable margarine 
and cod liver oil than olive oil. The premature addition of 
carbohydrates to the infant’s food would appear also to be a 
definite factor in this disease, and the dilution of cows milk 
to which Dr. Still has drawn special attention, has probably 
been more responsible than we were at one time prepared to 
admit. Budin’s contention with regard to infant feeding in 
favour of undiluted cow's milk—albeit in quite small quantities 
at a time and at more frequent intervals than the arbitrary 
“four hourly feeds’”—-demands careful reconsideration by 
English physicians. 

Condensed milk, both sweetened and unsweetened, has been 
definitely condemned as an undoubted factor of rickets. Dried 
milk, on the other hand, appears to have secured a place as one 
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of the fairly good substitutes in infant feeding, though further 
experience is desirable, especially in relation to infantile scurvy. 

The cases of entirely breast fed infants who contract 
rickets would probably repay further investigation. Dr. Still 
attributes the rickety outcome in these cases to the extreme 
thinness of the mothers milk. 

We now agree that Parrot’s cranial bosses are truly 
rickety periostoses, though it is granted that the co-existence 
of the congenital syphilitic infection may render these and 
other rickety bone changes decidedly more pronounced. In 
the study of the pathology of rickets considerable attent:on 
has rightly been given to the changes in the epiphysial junction 
areas; but the rôle of the periosteum in the membrane-formed 
bones is equally important and, indeed, also the rôle of the 
periosteum of the shafts of the long bone. Hereditary syphilis 
is not the only co-operant form of lowered nutrition in the 
causation of rickets. Cretinism often shows marked combina- 
tions with rickety characters. Infantile scurvy is often grafted 
on rickets, and the occurrence of the complex of scurvy-rickets 
has been responsible for the delay in the accurate recognit:on 
of true scorbutic signs. Intercurrent acute specific illnesses, 
bronchitis and chronic gastro-enteritis, often cause aggravations 
and relapses of rickets. 

Other important factors of this disease, namely, lack of 
sunlight and fresh air, and the sum total of what we describe as 
the results of overcrowding, have been long acknowledged, but 
the seal of Dr. Hess and his colleagues, and the post- 
war work of Miss Chick with the Vienna poor children, heve 
given definiteness and emphasis to these factors. The remark- 
t able therapeutic experiences of Dr. Hess and others, showing 

that the radiation of the mercury vapour quartz lamp can to 
some extent substitute direct sunlight in the cure of rickets, 
will probably have important results on practice. The recogni- 
tion of the effect of ultra violet radiation in activating green 
vegetables and milk may likewise prove helpful. 

With respect to infantile scurvy, in Great Britain the 
occurrence of this disease in a baby entirely breast fed is 
extremely rare, but there are records of foreign cases in which 
this occurrence seems to be undeniable. As in the prevention 
of rickets, it is very desirable that the pregnant mother should 
be able to secure for herself milk from cows fed on fresh grass 
and living largely in the open rather than stall fed, and that the 

te food of the mother should also include a plentiful supply of 
fresh vegetables. 

With respect to maternal syphilis, if there is the least 
reason to believe that there has fae any former infection, a 
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Wassermann |test ought certainly to be made, and if positive 
ought to be followed by definite treatment. The results of 
inoculation of| the mother, with one of the arseno-benzol pre- 
parations given regularly from the earliest period of pregnancy 
up to the time of delivery, have proved strikingly beneficial by 
way of immunisation to the infant. 

When artificial feeding has to be adopted either wholly or 
in part, the question of boiling cow’s milk requires decision. 
Repeated boiling, like repeated sterilisation, is certainly wrong. 
When infantile scurvy has become manifest in a given case 
any boiling whatever probably reduces the anti-scorbutic 
efficiency of milk, and unboiled milk in small quantities can be 
tolerated often with remarkable success. But a single boiling, 


just before the feed is given, is generally safe and wise. With 
regard to the; anti-scorbutic additions, potato roasted in the 
skin and the mealy part of the potato scraped and sieved into 
milk, has proved satisfactory as the initial measure. Orange 
juice or grape] juice are useful adjuncts, and good meat gravy, 
or home-made meat juice, are likewise of service as additions to 
the milk. Boiled yolk of egg is a useful standby. With regard 
to proprietary foods and their relation to infantile scurvy, 
there is little) new to be said, except that they retain their 
supremacy as|amongst the chief offenders in the causation of 
the disease. | 

Amongst the practical problems of the period of infancy 
(that is from birth to two years of age) artificial infant feeding 
is surely the most insistent and most difficult to carry through 
on anything like sound lines. None of the alimentary problems 
has commanded more zeal and patient investigation than what 
we have provisionally agreed to describe as congenital hyper- 
trophy of the pylorus or otherwise as hypertrophic stenosis 
of the pylorus. Dr. Cameron has indeed pointed out in his 
admirable Lumleian lectures that neither of these names is 
satisfactory or indeed strictly correct. Further knowledge is 
needed in order to define in any accurate descriptive title the 
true notes of the disease. 

No doubt Hurst’s original work some years ago, on the 
mechanism of the alimentary canal and his contention for what 
he has called Achalasia (which has been defined as the absence 
of relaxation) gave a direction to enquiry, although he was not 
specifically concerned with this disease. 

The two doctrines held as to the pathology of hypertrophic 
stenosis of the pylorus may be defined as (1) that of Hirsch- 
sprung suppdred by Cautley, according to which there isa 
primary hypertrophy of the pylorus; (2) that of John Thomson, 
according to which there is inco-ordination of the muscles 
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concerned in contraction and consequent propulsion of the food 
content and the relaxation beyond, which permits of the initial 
propulsion becoming operative; in other words, there is 
disharmony and inco-ordination between the stomach wall and 
the pylorus. With regard to Hirschsprung’s and Cautley’s 
contention it may be said that hypertrophy independently of 
antecedent obstruction or resistance is not in harmony with 
what we know of pathology in other regions. With regard to 
Thomson’s ingenious hypothesis (which it may be mentioned he 
has also applied to the explanation of hypertrophic dilatation 
of the colon), it may be observed that it carries the difficulty 


back to the enquiry what then is the cause of this disharmony. 


and inco-ordination and how is it brought about? But 
although the pathology of this disease is still doubtful we 
owe a great debt to the British school for the elucidation 
of its natural history and for the important fact that we 
no longer regard it as a hopeless and insoluble mystery, but 
as a morbid entity which is capable in very many instances 
of complete restoration. Dr. Nicoll, of Glasgow, had the great 
merit of introducing in his case in 1900 Loreta’s operation of 
dilatation of the pylorus which was successful; according to 
Dr. Thomson this patient made such a good recovery that 


eighteen years ufterwards he was passed as a sound life for 


the Army. 

Thomson, Still, Cameron and Cautley, with the javaleadie 
help of their surgical colleagues, Stiles, Burghard and Dent, have 
added a real chapter to medicine, nor can we forget. the 
important contributions of Holt, Hirschsprung, Dufour and 
Fredet, and on the surgical side the brilliant contributions of 
Rammstedt. 

It is most important, and indeed invaluable, that the 
indefatigable workers at this disease have established the ‘two 
clinical features which are imperative in the diagnosis, namely, 
(1) the demonstration of a visible stomach peristalsis, and (2) 
the palpation of a definite resisting tumour due to the pylorus 
which is in a state of spasm. Grasping these fundamental 
conditions, what are the chief indications for medical treatment 
of an early and moderate case of this disease? (1) The main- 
tenance of breast feeding, maternal if possible, or that of the 
wet-nurse; (2) small feeds and, if necessary, at shorter intervals 
than normal; (3) the employment of stomach lavage once or 


twice daily, but guided as to frequency by the varying incidence 


of stomach dilatation and food delay. In a fair number of 
cases these methods have proved successful. The real trouble 
being caused by what is equivalent to a mechanical difficulty, 
alteration in the composition of the feed is not indicated, and 
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food toxzemiajin the early stage are conspicuously absent. If 
under these methods there is no amelioration, and the vomiting 
increases in severity with rapid wasting and threatening of 
toxzemia, then surgical aid should be invoked. Also, if from 
the onset the case is acute, primary surgical operation would 
appear on the thes to give the best chance. 


it is toxemia in that in the typical favourable. case signs of 


Some of the surgical procedures which were employed in ` 
the early cases, for example gastroenterostomy, have now been 
negatived, and there remain two from which excellent (results 
have been obtained, (1)’ Laparotomy, followed by Loreta’s 
method of dilatation of the pylorus (Burghard and Stiles); 
(2) Laparotomy followed by longitudinal incision of the 
peritoneum over the pylorus and of the muscular fibres down 
to but not through the mucous membrane, so that no opening 
is made into the stomach (Rammstedt). 

Rammstedt’s operation seems at present to command 
most confidence, but this is a matter in which the personal 
equation and jexperience of the operator must count for a 
great deal. : 

_There is not adequate space in this introduction to refer 
to many other important additions which have been made 


. during the last decade to the pediatric outlook, beth medical 


and surgical. The juvenile type of acute and sub-acute 
rheumatism requires a chapter of its own, and supplies in fact 
a fuller and certainly more interesting survey-than the ordinary 
rheumatic fever attack of the adult. This is one of the cases 
in which the study of children’s diseases contributes illumina- 
tion to general medicine. The work of Poynton and Payne 
challenges candid re-consideration. What valid objections can 
be raised to their technique and to the soundness of their general 
contentions? |The treatment of the convalescent period of 
acute and sub/acute rheumatism in the child and the precautions 
to be taken regarding’ the insidious incidence and increase of 
endocarditis merit patient enquiry and therapeutic experiment. 

Great pragress has been made in the orthopaedic surgery 
of the deformities left by poliomyelitis. The subject of 
immiinisation which began long ago with diphtheria, has made 
bold strides and has a great future. The recent work associated 
with the names of Schiff and Dick will at once occur to the 
modern reader. : 

The fields! indeed are white unto harvest ; the husbandmen 
are ready and skilful; the workers of bygone days hand on to 
them the sickle and wish them good luck and God speed. 
“He that soweth and he that reapeth shall rejoice together.” 
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A STUDY OF RICKETS; Incidence in 


London. 


BY 


DONALD PATERSON, M.B. (Edin.), M.R.C.P. (London), 
AND 
RUTH DARBY, M.B., Ch.B. (Birm.). 
(From the Infants’ Hospital, Westminster.) 


In order to ascertain the incidence of rickets in London a study was 
attempted during the months of February, March and April of 1925. 

It was thought that these being the darkest months of the year, 
following on a long, sunless period, the incidence of rickets would be at 


its height. 


Our first difficulty was to define the basis upon which rickets could be 


diagnosed. 


Commentary 


J D FORFAR 


The Archives of Disease in Childhood, although it 
became the official journal of the British Paediatric 
Association (BPA), was first published two years 


seaior author of this paper on rickets, Dr Donald 
Paterson, played a leading part in the founding of 
the BPA and was its first Secretary. He was a 
‘enadian who came to Edinburgh University to 
study medicine. After qualifying there he moved to 
London where he worked for many years at Great 
Ormond Street and the Westminster Hospital, 
becoming a leading figure in British paediatrics. Dr 
Hector Cameron in his history of the British 
Paediatric Association 1928-1952 says of Donald 
Paterson, ‘Under the smoke-screen of his magnifi- 
ce it hyperbole and invective, he judged shrewdly of 
every situation. He had determined to found a 
Paediatric Association for all Britain and nothing 
wes in the least likely to stop him.’ 

The paper examined the incidence of rickets in 
children attending hospitals over the months of 
February, March, and April, months in which the 
incidence of rickets was known to be highest. 
Children up to the age of 2 years attending the 
Inzants’ Hospital, Westminster, and St Thomas's 
Hospital were examined clinically and had an x ray 
of the wrist taken. Of the 339 children attending, 
foar (1-2%) showed active rickets clinically and 


We had over and over again diagnosed rickets clinically. . . . 


radiologically and 119 (32%) showed evidence of 
previous rickets clinically, although radiologically 
the rickets was shown to have healed. No evidence 
of rickets either clinically or radiologically was 
found in 225 (67% ). Interestingly from a social point 


Archives (by Drs W P T Atkinson, Helen Mackay, 
W L Kinnear, and H L Shaw) showed that children 
of the same age from a poorer part of London, 
attending hospital, showed an incidence of active 
rickets of 8%. 

Although the title of Dr Paterson’s paper empha- 
sises a concern with incidence, an equally important 
element with which # deals is the preventive and 
curative effect of cod liver oil. Of the 339 cases 
studied, 313 (92% ) had had some cod liver oil over a 
considerable period, indicating the extent to which 
at that time a prophylactic or therapeutic measure of 
this kind had been widely adopted by the public. 
Those of us whose early childhood spans that era 
remember with some revulsion the twin oils that 
were then so prominent in the family medicine 
chest—cod liver oil, so widely employed as a 
universal promoter of childhood health, and castor 
oil, so ritually administered as a cure for any 
childhood ill. None of the four active cases described 
in Dr Paterson's paper had had cod liver oil. Of the 
healed cases, 88% had had cod liver oil, leading to 
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the assumption that this oil h d cured their rickets, 
but no evidence is provided that there was a 
temporal association between the administration of 
the cod liver oil and the cure of the rickets. The 
assumption might have been |strengthened had the 
authors subjected their data to the discipline of the 
statistical analysis that would now have been imposed 
on them. This would have shown that there was a 
significant difference (p<0-05) between the 96% 
incidence of cod liver oil consumption in the cases 
without any evidence of past pr present rickets and 
the 88% incidence in healed cases. There was clearly a 
difference between the two groups, but the reason 
for it cannot be determined with any certainty from 
the data given. It is doubtful if the conclusions 
drawn, correct although they may have been, would 
have satisfied the standards of logic demanded by 
present day editors of medical journals—even the 
gentle, friendly paediatricians who today control the 
editorial destiny of the Archives are seen by some to 
metamorphose at times into ruthless martinets as 
they set about culling sophistry from its pages. 
Medicine contains many examples of the dis- 


covery of cures before any understanding of their 


scientific basis was possible. |Cod liver oil for the 
treatment of rickets was a classic example, as were 
fox glove extract for the treatment of the ‘dropsy’ of 
cardiac failure, raw liver for the treatment of 
pernicious anaemia, and lime juice for the treatment 
of scurvy. Vitamin D is not mentioned in the article 
as that word was not yet in common currency and 
the chemical nature of tain D ‘had yet to be 
discovered. This had to await the discovery of the 
specific sterol irradiated ergosterol or calciferol five 
years later and the demonstration that it could 
prevent and cure rickets. At that time and for many 
years thereafter that discovery seemed the final 
word on the subject of vitamin D. Much, however, 
remained to be discovered and has been discovered 
over the past few years. The individual response to 
vitamin D has been found to vary widely — the same 
intake of vitamin D may be adequate for one child 
and result in rickets in another; a vitamin D intake 
associated with health in one child can result in 


hypercalcaemia in another. Vitamin D dependent 
rickets and idiopathic hypercalcaemia of infancy 
represent extreme ends of this spectrum. The 
explosion of knowledge regarding the metabolism of 
vitamin D over the past few years has revealed that 
naturally occurring vitamin D—-7 dehydrocholesterol 
converted in the skin by sunlight to cholecalciferol 
(vitamin D,}—is only active if hydrolysed in the 
liver to 25-hydroxycholecalciferol (25-hydroxy- 
vitamin D) and then further hydroxylated in the 
kidney to la, 25-dihydroxycholecalciferol, the 
active form of the vitamin. 

From a diagnostic and a therapeutic standpoint 
the discovery of these metabolites of vitamin D has 
been important. Before their recognitionthe estima- 
tion of vitamin D could only be made on the basis of 
a biological assay, inaccurate, difficult to standar- 
dise, and expensive. The ability to measure these 
metabolic products of vitamin D accurately, particu- 
larly 25-hydroxycholecalciferol, has been an impor- 
tant factor in recognising and categorising different 
types of rickets. From a therapeutic point of view 
the availability of analogues of 25-hydroxychol- 
ecalciferol where hepatic disease is a cause of rickets 
and of 1a, 25-dihydroxycholecalciferol where renal 
disease is the cause has added greatly to the 
armamentarium available for the management of 
different types of rickets. 

Man is indebted to the cod for more than one of 
the cheapest types of protein. Cod liver oil enabled 
him to prevent and cure a disease that for centuries 
ravaged the health of children. Although rickets was 
first described nearly 250 years ago, the piscatorial 
saga that led to its prevention and cure has only 
been told over the past 60 years. To that saga the 
Archives of Disease in Childhood has contributed 
many important chapters. 


(John Forfar has spent most of his paediatric career 
in Edinburgh where he has been Professor of Child 
Life and Health. He is currently President of the 
British Paediatric Association and a member of our 
Editorial Committee. He was awarded the James 
Spence Medal of the BPA in 1983.) 





Archives of Disease in Childhood, 1986, 61, 941-942 


HEPATIC CIRRHOSIS IN CHILDREN, 


with special reference to the Biliary Forms. 


BY 


F. J. POYNTON, M.D., F.R.C.P., 
AND 


WwW. G. WYLLIE, M.D., M.R.C.P. 
(From The Hospital for Sick Children, Great Ormond Street.) 


The occurrence in hospital within a comparatively short space of time of 
four unusual examples of cirrhosis of the liver in young children bas led us to 


make this communication. 


Disorders of the liver in childhood have in recent years not attracted 
much attention in this country, and we feel that the mere ventilation of the 
subject, though we may have little new to add, may serve a useful purpose. 

It is possible that others besides ourselves have been inclined to be 
guided in their views upon cirrhosis of the Jiver by a recollection of cases of 
ideoholic cirrhosis in the adult, and to recall such symptoms as... 


Commentary 


A P MOWAT 


Tre paper starts modestly with four case reports of 
chidren with chronic liver disorders recently inten- 
sively investigated by the authors but without 
reaching a diagnosis. Stimulated by this failure and 
by their concern that disorders of the liver in 
childhood had not attracted enough attention 
in this country, the authors have produced a very 
readable review of the subject as perceived in 
1926. 

Succinct case histories enhanced by superb photo- 
mecrographs illustrate descriptions of seven forms of 
clerhosis. Much of the review remains as apposite as 
when written. Among the non-biliary forms they 
included multilobular cirrhosis, Banti’s anaemia, 
Wilson's disease, and, somewhat surprisingly, ic- 
tevus gravis neonatorum. They recognised that the 
latter was not associated with cirrhosis but thought it 
should be included since the areas of brain stained in 
th.s condition were similar to those affected in 
Wilson's disease! I imagine that both authors would 

eve been pleased that this inclusion avoided the 
ecitorial censor since in 1926 Dr Wyllie was transfer- 
riag from adult neurology via paediatric pathology 
toa distinguished career in child guidance, while Dr 
Poynton, whose career achievements included being 
a stylish middle order batsman for Somerset Cricket 
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Club and BPA President, had just published a case 
report on Wilson’s Cisease. 

Then, the brain damage in both was attributed to 
hepatic toxins. What has changed? In 1948 the 
association between excessive copper accumulation 
and tissue damage im Wilson’s disease was estab- 
lished. Three years kater effective chelation treat- 
ment was introduced. The hepatic mode of pres- 
entation of the disease without neurological abnor- 
mality was emphasised in 1957.’ In 1986 delay in 
diagnosis in children is very frequent. Nearly 50% of 
those diagnosed at King’s College Hospital are 
referred late with liver disease so advanced that they 
die in spite of chelation treatment. Liver trans- 
plantation, which will correct the metabolic abnor- 
mality, can save these children, but donor livers are 
rarely available. The role of uncorjugated hyper- 
bilirubinaemia in the pathogenesis cf kernicterus is 
well established. How to determine the precise risk 
of kernicterus in the individual infan: still eludes us. 

Banti’s anaemia, a concept of primary splenic 
disorder releasing toxins that cause cirrhosis, con- 
tinued to have support until the 1950s when radiolo- 
gical, haemodynamic, and particularly histological 
studies confirmed that the primary disorder was 
portal vein obstruction or, more commonly, some 
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form of liver damage, particularly chronic hepatitis. 
In the ‘50s corticosteroid responsive autoimmune 
chronic active hepatitis was gradually defined. The 
concept of chronic hepatitis and multilobular cirr- 
hosis remained confused until in 1965 Blumberg 
identified a serological marker for hepatitis B 
infection. Hepatitis B affects up to 90% in the first 
six years of life in some parts of Africa. At least 10% 
develop chronic hepatitis. More worryingly. viral 
deoxyribonucleic acid (DNA) becomes integrated 
with host DNA. Liver cancer may ensue. There is as 
yet no treatment for hepatitis B infection. Molecular 
biologists have used recombinant DNA technology 
to produce from yeasts a vaccine that is 
immunogenic.” Given the correct priorities its use 
could lead to the elimination of this. the last 
important viral infection, which could be prevented 
by immunisation. Hepatitis A virus in contrast 
causes only acute hepatitis. 

In considering biliary cirrhosis biliary atresia 
predictably had a prominent part. Death from a 
bleeding diathesis by & weeks of age was the norm. 
By 1940, it was clearly established that vitamin K 
was important in preventing haemorrhagic disease 
of the newborn and in that associated with cholesta- 
tic disorders. Sadly, the prothrombin time is still 
overlooked as an essential test in liver disease, and 
cholestatic babies still develop intracranial bleeding 
that could have been prevented by vitamin K. 

Given the 10 year survival of 90% after surgical 
correction of biliary atresia in the first eight weeks 
of life, it is equally disappointing that in the United 
Kingdom referral is usually later.” Paediatricians do 
not see all babies with jaundice at 4 weeks of age. 
Diagnosis is therefore delayed. 

In considering intrahepatic disorders to be dis- 
tinguished from biliary atresia familial cases were 
emphasised. In 1926 the only well characterised 
disorder was infantile polycystic disease. Today, 
there are over 20. The most frequent ts a; antitryp- 
sin deficiency, first associated with liver disease in 
1968. 

In 1986 not only is the complete chemical struc- 
ture of this glycoprotein and the genetic composition 
of its variants fully established, but with the wonders 
of DNA technology mammalian cells may now be 
modified to synthesise the complete glycoprotein.” 
This opens up the way to a, antitrypsin replacement 


therapy and antenatal diagnosis by analysis of DNA 
in chorionic. villi. 

The review completed, the authors returned to 
the undiagnosed cases. Two are siblings with photo- 
graphs and features we would now recognise as 
being typical of glycogen storage disease. a condi- 
tion defined clinically and pathologically in 1929. 
Now there are 12 different enzyme defects in 
glycogen storage disease, some of which are further 
subdivided into distinct pathophysiological variants 
with genetic, prognostic, and therapeutic impli- 
cations.” In the remaining two cases further labora- 
tory investigations, including percutaneous liver 
biopsy, using the Menghini technique introduced in 
1958, would also be required. 

The last 60 years has seen considerable advances 
in the management of liver disease in children. 
There are still many poorly characterised disorders 
and much remains to be discovered about causes, 
pathogenesis, and treatment. With the exciting 
advances now occurring in cellular and molecular 
biology, we have an unrivalled opportunity to 
increase our understanding of these processes and to 
provide more effective help for our patients. We 
must strive to bridge the gap between the work of 
the basic scientist and clinical problems. Paediatric 
hepatology is still an emergent speciality. The 
opportunities for research orientated paediatric 
hepatologists have never been greater. The conclu- 
sion of Doctors Wyllie and Poynton that ‘It is often 
impossible to be certain either of the nature of the 
cirrhosis or of its origin’ still applies! 
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FOUR CASES of IMMUNO-TRANSFUSION 
with remarks on the Method 


E. I. LLOYD, M.B., B.Ch., F.R.C.S., 
AND 
B. E. SCHLESINGER, M.B., B.Ch., M.R.C.P. 
(From the Hospital for Sick Children, Great Ormond Street.) 


Immuno-transfusion is a comparatively recent extension of treatmert by 
blood transfusion and the following case seems worth recording as an 
example of recovery from a desperate illness after other methods had 


apparently failed. 


Summary and Conclusion, 


1. Four cases of proved septicemia treated by immuno-transfusion with 
one recovery and three deaths are described. 


2. The success occurred in a pneumococcal septicamia consequent upon 
empyema and seems attributable to the transfusion, 


3. All four cases had previously undergone surgical operations. 


4. Immuno-transfusion, 


though by no 


means a certain cure for 


septicemia, offers a hopeful line of treatment in some cases. 


Commentary 


C A CLARKE 
Clinical findings 


‘The successful case was that of a boy aged 2 who had 
a left sided pneumococcal empyema with a positive 
wood culture.) A pneumococcal vaccine was pre- 
pared from the patient’s blood, and a dose of 1000 
milion organisms was injected into his father; five 
hours later 350 cc of the father’s blood was removed, 
defibrinated, and injected into the child's median 
basilic vein. “His temperature and pulse fell im- 
raediately and by the next morning he was much 
better .. °. Six months later ‘his general condition, 
except for a little bronchitis, remained excellent’. 

Cases 2, 3, and 4 all died, one from Staphylo- 
coccus aureus infection after osteomyelitis of the 
femur and two from streptococcal blood stream 
imfections. 

I was not particularly impressed by the reason 
given for the recovery of case 1. Firstly, in the 
month after the immunotransfusion his temperature 
was never completely normal; secondly, he had 
another attack of orchitis similar to an earlier 


episode; and, thirdly, a small empyema developed 
on the right side. Again he had already survived two 
and a half months before the immunotransfusion, 
and pneumococcal infections tend to be less lethal 
than those caused by the Staphyloceccus or Strepto- 
coccus. But still, he survived, and I wonder if he is 
still alive. Can he be traced, or does the Data 
Protection Act protect his data from follow up? It 
would be interesting to know his present antibody 
state. 

The results in two of the many references that I 
looked up are contradictory. Kilgore is all gloom 
and doom.” He reports three cases of Streptococcus 
viridans endocarditis: ‘All three were ‘improved’ in 
their own and families’ opinion, but in none could I 
see any beneficial effect other than temporary relief 
of anaemia and the psychic uplift to be expected 
from any strange and elaborate treatment’. 

Greenslade on the other hand describes an 
orphan girl aged 6 who in one week had two 
extensive mastoid operations and one operation for 
lateral sinus thrombosis.” Her chances looked hope- 
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less, but after immunotransfusion from a convent 
sister donor her condition improved immediately 
and she made a complete PN His other two 
t 


cases were almost as dramatic, both recovering. 
The scientific validity of immunotransfusion 


Wright et al thought that the! critical time for the 
patient to be transfused was about five hours after 
the donor had been injected} this was based on 
studying the number of. coloni¢s of bacteria surviv- 
ing in vitro in the donor’s blood before and after his 
vaccination. They also found | that the effect was 
non-specific and surmised that the vaccination had 
simply stimulated the donor’s phagocytes (opsonisa- 
tion) and that these were much more effective in 
destroying the bacteria than were the patient’s own 
worn out cells.* 

I took advice on Wright’s [hypothesis and the 
experts chorused: ‘In no way .|. .—and who was I 
to judge? But I had a theory. Had the donors been 
‘sensibilised’ by the patient— er all, they lived 
under the same roof? And I was reminded of the 
‘little old man’ who was one jof our Rh negative 
volunteers. He had no overt rhesus antibodies, but 
when we injected him with Rh positive cells the 
antibody appeared within 24 hours. On taking a 
proper history, we then found that he had had a 
blood transfusion in the first world war. ‘Sensibilisa- 
tion’ surely? 

The mystery to me is why Wright needed his 
particular opsonin theory; he was aware of the way 
antibodies were formed and knew that one could 
have donor panels for use in seriously ill patients 
and that therefore the time factor need not be 
critical. He seems to have thought, however, that 
these antibodies could not be specifically tested 
against the patient, whereas ap stimulated phago- 
cytes could. 

Sensibilisation—or not—of the donor would 
account for the ‘hit or miss’ results, but why the 
100% failure rate in subacute bacterial endocarditis? 
I suspect that the formation of immune complexes 
provides the answer; these are highly likely to occur 
in subacute bacterial endocarditis and were re- 
sponsible for the fatal outcome. 

Obviously, immunotransfusion took a back seat 
with the coming of antibiotics, but it is now coming 
into favour again in the form of gammaglo- 
bulin infusions, particularly ifor viral diseases 
(McCarthy K. Personal communication) against 
which antibiotics are not yet well developed. Donor 
panels are available, and the technique seems 
particularly effective in viral) diseases that are 
predisposed to by immunoincqmpetence. 

But treating viral diseases is not new. In the 1930s 


a child in Great Ormond Street was extremely ill 
with generalised vaccinia. Alan Moncrieff contacted 
the army at Aldershot and obtained plasma from 
recently vaccinated army recruits. This was trans- 
fused into the child and resulted in rapid healing of 
its condition (Stroud CE. Personal communication). 

Specific gammaglobulin infusions are also being 
advocated in severe bacterial infections where, 
increasingly, the organisms are resistant to anti- 
biotics. 

So did Almroth get it right? In some ways ‘No’ 
and in others ‘Yes’, but he was certainly a proper 
doctor for my heart warms to his views on statistics.° 

“The statistician has done his very best to per- 
suade the world that there is only one way, that 
being the statistical method, by which the efficacy of 
a therapeutic method can be scientifically put to the 
test. ..’, but this, because of heterogeneity, ‘is 
almost invariably fallacious’. Fortunately, there are 
‘non-statistical methods by which efficacy can be 
tested—words graphic enough to depict to the 
reader the desperate condition of the patient when 
treatment was initiated, and the resurrectional 
change that followed...’. 

Sixty years on we have a similar problem in 
reverse, relating to plasmapheresis in rhesus immu- 
nised women.’ Sometimes it works and sometimes it 
doesn’t, but no two cases are the same. For 
example, the antibody concentrations may be tran- 
siently reduced, but because of an antigenic stimulus 
acquired in the course of treatment there is a 
rebound effect. Again, more recently, there is 
evidence of a factor that normally inhibits antibody 
production and this may be removed by plasma 
exchange. The statisticians call for a properly 
controlled trial, but they are crying for the moon— 
read the case histories and see. 


Envoi 


G B Shaw and Almroth were friends and sparring 
partners, and phagocytes figure large in “The Doc- 
tor’s Dilemma’. 

I wonder if there is anything in the five hour 
story? Almroth and his followers were remarkably 
sure about it. Why not try it in AIDS? — in vitro, of 
course, unless a non-specific stimulus would do the 
trick. 

I recently met Leonard Colebrook’s great nephew 
at the ‘BODY’ tree planting ceremony at Cam- 
bridge. He is a general practitioner in Bedford and 
knows all about his ancestor. 


I am most grateful to Professor Kevin McCarthy and Dr Nevin 
Hughes-Jones for their helpful advice and to Professor CE Stroud 
for his vaccinia anecdote. 


T 
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An Investigation of 
SCLEREMA NEONATORUM; 
with Special Reference to the Chemistry of the 
Subcutaneous Tissues. 


(Part I.) 
i BY 


G. A. HARRISON, B.A. M.D., 


Biochemist, The 


ospital for Sick Children, Great Ormond Street, London; 


WITH 


A HISTOLOGICAL REPORT 


BY 


J. W. McNEE, M.D. F.R.C.P., 
Deputy Director pf the Medical Unit, University College Hospital, London. 


Introduction. 


Sclerema neonatorum is a rare but interesting condition peculiar to 


infants. 


Commentary 
M L CHISWICK 


Chaussier coined the term ‘scléréme’ around 1815 to 
describe hardening of the skin lin the newborn, and 
by the end of that century the expression ‘sclerema 
neonatorum’ was in general use. Much earlier 
descriptions of this disorder appear under a variety 
of names. One might think that sufficient time had 
elapsed for us to have learned everything there was 
to know about the pathogenesis of this disorder and 
that the subject was now closed. Not so—because 
we have been hampered by confused terminology. 
Only a few reports claiming to be about sclerema 
neonatorum refer to that disease as we know it 
today. 

Harrison and McNee’s meticulously researched 
account of the histology and chemistry of sub- 
cutaneous fat in five infants with ‘sclerema neona- 
torum’ is really about subcutaneous fat necrosis.’ 
The infants were admitted to! hospital between 4 
days and 5 months of age. all but one, firm 
swellings over the buttocks, back, shoulders, neck, 
and thighs, with an overlying purplish discoloration 
of the skin, had been observed during the first week 


The extr ordinary confusion that has existed in the past in.. 


of life. The localised and well defined nature of the 
swellings, which in some infants discharged a milky 
fluid, is in contrast to sclerema neonatorum, which 
is a diffuse hardening. 

Harrison and McNee observed that in affected 
areas the fibrous trabeculae between fat lobules 
were thickened; acicular crystals of neutral fats were 
seen ‘lying in bunches like sheaves of corn’ around 
fat lobules; multinucleated giant cells were promi- 
nent; and calcium salts were seen to form a coating 
on some of the fat cells. Biochemical changes in the 
subcutaneous fat were not striking and consisted of a 
raised melting point and a questionable reduction in 
olein content. The authors correctly suggested that 
changes in fat metabolism were unlikely to be the 
primary event but instead were probably secondary 
to inflammation. 

In a forthright presentation to a meeting of the 
Royal Society of Medicine at Brighton in 19597 
Elliott emphasised the difference between subcu- 
taneous fat necrosis and sclerema neonatorum and 
distinguished both of them from ‘neonatal cold 
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injary~—the condition that Trevor Mann and he 
had drawn attention to in the Lancet two years 
previously.” Elliott emphasised that there was no 
necd to postulate that the pathogenesis of sub- 
cutaneous fat necrosis depended on a chemical 
chenge in the fat itself. Yet, in a frequently cited 
paper based on one patient, Horsfield and Yardley, 
in 1965, propagated the notion that ‘sclerema 
neenatorum’ (in reality subcutaneous fat necrosis) 
might be a generalised disorder of fatty acid 
metabolism manifest by a raised ratio of satu- 
rated: unsaturated fatty acids locally in subcutaneous 
fat epidermis. and dermis." 

H we accept that subcutaneous fat necrosis is a 
localised chronic inflammatory response to trauma 
then what is the nature of the trauma? Today we 
speculate intrauterine compression injury. All sorts 
of things, which fortunately we cannot see. happen 
in che womb—so we are on strong ground here. Yet 
it ® curious that whereas now most affected infants 
are healthy and have an excellent prognosis, 60 
years ago it was not unusual for affected infants to 
be chronically ill with failure to thrive, fever, 
dizrrhoea, and vomiting. Indeed, four of the five 
cases described by Harrison and McNee died. There 
are a number of plausible reasons for this difference. 
Firstly, overt birth trauma and presumably in- 
treuterine compression injuries were more common 
then, and subcutaneous fat necrosis might merely 
have been incidental to the illness that led to 
admission to hospital. I nete, for example, that the 
necropsy findings in one of Harrison and McNee’s 
cases almost certainly describes the appearance of 
co genital hypertrophic pyloric stenosis. Secondly, 
infective diarrhoea and failure to thrive were so 
conmon one wonders whether affected infants were 
drawn from the poor community where lack of 
wermth in the home was compensated for by 
overtight swaddling. Thirdly, there is the possibility 
that a proportion of infants were the victims of 
pkysical abuse, with associated failure to thrive and 
chronic ill health. The purplish discoloration over- 
lymg lesions on the limbs would have been attri- 
beted to the fat necrosis rather than to bruising. 

Sclerema neonatorum has a quite different 
appearance, and most paediatricians are familiar 
wath the ominous sight of an ill preterm baby whose 
skin takes on a waxy pallor associated with a 
progressive induration and coldness. Sepsis or mas- 
se periventricular haemorrhage are common 
ur derlying conditions and most affected infants die. 

In 1722 Usenbenz, a German physician, pub- 
lished ‘Eighth month live birth, cold and rigid '—a 
pe per that the present editors of the Archives would 
heve warmed to because of its concise title. Usen- 
benz described a soldier's wife who gave birth at 





An investigation of sclerema neonatorum 947 


eight months to a baby girl at a hospital, in Ulm. 
The girl was extraordinarily cold and hard, and her 
cheeks could not be indented evea with strong 
pressure. He likened her entire body to ‘a piece of 
smoked meat’. In spite of wrapping her in warm 
linen and warming her in front of the fire. she 
remained ‘stiff from head to heel... unresponsive 
and immobile, without the least cry having been 
heard’. 

Underwood drew attention to this disorder in the 
first edition of his paediatric textbook in 1784 when 
he likened the condition to ‘hydebound’ in 
quadrupeds.° The disorder was commonly observed 
in European hospitals at the end of the [8th and 
beginning of the 19th centuries. The French pub- 
lished works refer to ‘enfans durs’ or ‘enfans gelés’, 
thus providing the rationale for one form of treat- 
ment, which was to place the infant in a warm bath 
containing two or three litres of wine, followed by 
massaging the infant's body with brandy’—which 
was no doubt pleasurable even if rot effective. 

Some of the infants referred to in the historical 
publications were probably not examples of 
sclerema neonatorum but were suffering instead 
from cold injury. Observing how sclerema neonat- 
orum occurs today, | am impressed by how the 
rectal temperature often remains near normal while 
the skin temperature rapidly falls. The widening 
rectal-skin temperature gradient is associated with 
poor capillary return on blanching the skin and 
progressive pallor as the skin becomes indurated. 
All this in spite of the use of plasma expanders. 

The pathogenesis of sclerema neonatorum is still 
unclear. The histology of the subcutaneous fat is 
quite unlike the chronic inflammatory picture de- 
scribed by Harrison and McNee. In fact, there is 
very little to see apart from thickened trabeculae 
between fat cells. 

Sclerema neonatorum probably does reflect a 
change in the chemical composition and physical 
properties of subcutaneous fat, but accounts of the 
biochemistry of this condition are cf limited value 
because they are generally based on isolated case 
reports and poorly matched controls. The ratio of 
saturated:unsaturated fatty acids is increased in the 
subcutaneous fat of preterm infants, and it would 
seem that this feature is even more pronounced in 
infants with sclerema neonatorum. 

Earlier reports of sclerema neonatorum suggested 
that it was as Common in term infants as in preterm 
ones——the latter usually presenting within a day or 
two of birth. Now the condition is virtually confined 
to our “new population’ of extremely preterm infants 
in whom I have the impression that it presents 
later—sometimes after the second week—yjust when 
hopes for survival are being raised. By this time. the 
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composition of subcutaneous fat has had time to be 
influenced by the nature of the infant's diet, be that 
parenteral nutrition or milk. Bearing in mind that 
we have a new population of patients and also that 
changes have occurred in the nutritional care of 
preterm babies, re-evaluation of the biochemistry of 
subcutaneous fat in sclerematous infants and ex- 
tremely preterm controls of the same postnatal age 
is long overdue. 

We might also take the opportunity to rethink this 
interesting disorder in terms of the metabolic 
vulnerability of polyunsaturated fatty acids. Are 
these fatty acids sheltered and protected in the 
subcutaneous layer, or are they vulnerable to attack 
by free radicals? Peripheral circulatory failure and 
sepsis are circumstances that probably promote the 
production of free radicals. Might sclerema reflect 
structural changes in fat cell membranes brought 
about by free radical damage? Only a minority of 
critically ill preterm babies become sclerematous, 
and in them are the scales tipped by a relatively 
deficient ‘antioxidant system’? Someone had better 


do the work before sclerema neonatorum becomes 
extinct. 
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THE SPECIAL 


SCHOOLS 


OF LONDON. 


BY 


PoC. SHRUBSALL, NLD; 


Although, unquestionably to the ailing child, the restoration of health 
and relief from crippling conditions are of supreme importance, experience 


has shown that when the necessary measures are spread over a period of 
years under such conditions as to limit the possibilities of education, still more 
if they are such as altogether to prevent formal education, the child is unduly 


handicapped on reaching the employable age. 


This difficulty became obvious 


so soon as universal elementary education was made the law of the land. 


From the first the by-laws of the various school boards laid it down that 


ill-health was a reasonable cause of absence from school; but... 


Commentary 
N GORDON 


In the introduction Dr Shrubsall starts by saying that 
when the necessary measures to restore health and 
reLeve crippling conditions are spread over a period 
of years, under such conditions as to limit the 
possibilities of education. the child will be unduly 
handicapped on reaching an employable age. In 
1893 an Act was passed allowing provision for 
special education for blind and deaf children and in 
1889 for those crippled, epileptic, or mentally 
deective. To start with this was on a voluntary 
basis, and it was not until after the first world war 
thet it became a duty in all areas of England and 
Wales. A few years before 1926 hospital schools had 
been established for long stay patients. 

At that time the London County Council pro- 
viced special education for children who were blind, 
deaf, or physically or mentally defective and for 
stammerers and places in residential schools for 
thase with epilepsy. The Council's medical officers 
had to examine all such children and visit the schools 
frem time to time; decisions could then be enforced 
by law. Dr Shrubsall describes the groups and school 
facilities as follows. 


The blind, partially blind, and myopic 
A blind child is one who is too blind to read the 


ordinary school books used by children. The instruc- 
tien in the schools for the blind includes the teaching 


* 


of braille and suitable forms of handwork occupa- 
tions. At the age of 12 suitable children are 
transferred to residential schools for special trade 
training until the end of the school term in which 
they attain the age of 16. Children affected with 
myopia leave school at 14. They are naturally 
studious and more prone to read out of school, 
which should be discouraged unless from suitable 
type. (Considering that the association of myopia 
and the higher levels of intelligence has been 
recognised for so long, this might have received 
more study than it has.) 


The deaf 


A deaf child is one who is too deaf tc be taught in a 
class of hearing children in an elementary school. 
Deaf children may be admitted to school at the age 
of 5 but this cannot be enforced by law until the age 
of 7. In such schools cral methods of instruction are 
used, special attention being paid to iip reading and 
pronunciation. At the age of 12 suitable children 
are transferred from schools for the deaf to residen- 
tial schools for special trade training until the age of 
16. Special classes are provided for those who are 
not severely deaf, and as soon as they have acquired 
powers of lip reading they are marked for transter to 
an ordinary school. There is a special school in Penn 
for ‘the few oral failures’ and for children who are 
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deaf and also blind or mentally defective. A nurse 
attends all these schools to treat discharging ears. 
(No mention ts made of any controversy between 
oral methods and signing.) 


Physically defective 


The usual ground for admission is some cause of 
crippling. or some organic disease, that renders 
attendance at an ordinary school disadvantageous 
but does not prevent a child being educated in a 
small class under constant medical and surgical 
supervision. An ambulance is provided for children 
who live at a distance and are unable to use public 
transport. Provision is made for a certain number of 
recumbent children, and a nurse is in constant 
attendance. The school is visited by the school 
doctor at least every four weeks and periodic visits 
are made by an orthopaedic surgeon. Attendance 
can be enforced to the age of 16, but when feasible 
the child is transferred back to an ordinary school. 

The constant supervision im schools for the physi- 
cally defective provides a valuable link with the 
hospital, as children can obtain further advice at the 
onset of any untoward occurrence. They are fully 
occupied under supervision so that the concern 
expressed by some that they will be turned into 
invalids is unjustifiable. Most children suffer from 
paralysis, quiescent tuberculosis of bones or joints, 
congenital deformities, and heart disease. Children 
with epilepsy are not admitted. 

Older children are transferred to separate schools 
for trade instruction, adapted to their physical 
defects and to the possibilities of their obtaining 
local employment. 


Open air schools 


These are provided for children from the age of 8. 
One type is for debilitated and anaemic children and 
those liable to tuberculosis and another for those 
with definite pulmonary tuberculosis or tuberculous 
glands. 


Epileptic children 


There are arrangements for children who suffer 
from chronic epilepsy of such a degree as to make 
them unfit to attend an ordinary school but whose 
mental state allows them to derive benefit from 
education in residential epileptic colony schools, if 
they are between the age of 7 and 16. To derive this 
benefit children should be sent at a relatively early 
age. Physicians may postpone a recommendation for 
residential treatment and keep the children for 
considerable periods out of school, which is not 
always desirable. 


Stammering classes 


Arrangements exist for children of § years and 
upwards to attend for a course of three months at 
classes taken by specially trained teachers. 


Mentally defective children 


Before a child attending an ordinary school is 
proposed for admission to a special school he is seen 
by the school doctor and arrangements made to 
secure treatment for any defect such as poor vision, 
partial deafness, and mouth breathing. Then the 
child is examined by special medical officers. Gener- 
ally, the children admitted are those whose mental 
age is estimated as less than three quarters of the 
normal. In these schools classes are small with 
specially trained teachers and a special curriculum, 
with separate schools for trade instruction for the 
older children. When possible the child is trans- 
ferred back to normal school. At 15! years all 
children are reconsidered, and those deemed to need 
institutional treatment due to lack of intelligence are 
referred for care under the Mental Deficiency Act. 
Those who can cope receive after care until the age 
of 18. 

Such children, if kept in ordinary schools, may fall 
further and further behind due to a sense of 
inferiority. If they are transferred to a special class, 
however, they learn they may be of use in the world 
and receive praise instead of blame. to the benefit of 
their self respect. 


Dr Shrubsall sums up the aims of the special 
schools as to obtain the best possible combination of 
treatment and education and to secure the utmost 
cooperation between the school medical service, 
private practitioners (GPs), and hospital physicians 
and surgeons. The staff at special schools today 
surely have the same aims. It is perhaps surprising 
that there were so many provisions of this kind 60 
years ago, although London may have been unique. 
No mention is made of numbers except that there 
were 4432 children on the rolls of schools for the 
physically defective out of a total school population 
of 697 882. 

The problem of children attending special schools 
in 1986 will have changed in many ways. but there 
are several basic truths in this paper. Changes are on 
their way but will they be advantageous to all? 
Integration of handicapped children into normal 
schools seems to be a laudable objective and may 
benefit many of them but not all: and then only if 
schools are given the extra resources to cope with 
the extra problems that will undoubtedly arise. It 
will certainly not work if it is regarded as a money 


sasing exercise. Also there are dangers in gener- 
alisations, There are some children, not necessarily 
these with the severest handicap, who need the 
extra support, both in and out of the classroom, that 
on y special schools can provide. | cannot express it 
mere adequately than Dr Shrubsall. 


-n the same volume there is a short paper (pp 
230-1) by Dr Dingwall Fordyce of the Royal 
Lrrerpool Children’s Hospital. He makes the point 
‘that Intelligence Tests are valuable for the practi- 
tioner, particularly in assessing children with physi- 
cal defects who suffer from long-continued or 
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recurrent ailments. and for those with scholastic 
retardation and character anomalies. 

‘The intelligence quotient is, at best, one aid to a 
decision affecting the individual. but it is an impor- 
tant one; and combined with scholastic tests often 
gives valuable information as to aetio ogy, prognosis 
and desirable procedure.’ 


(Neil Gordon, one of the founders of paediatric 
neurology in Britain, was awarded the highest 
distinction of the British Paediatric Association, the 
James Spence Medal, in 1985. For most of his career 
he has worked in Manchester.) 
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LAMBLIASIS AS A CAUSE OF CHRONIC 
ENTERITIS IN CHILDREN. 


BY 


REGINALD MILLER, M.D., F.R.C.P. 
(From Paddington Green Children’s Hospital.) 


Intestinal infections due to the flagellate, lamblia intestinalis, attracted 
attention in England in the early years of the war when the disease first 
reached this country from the Eastern fronts. Since 1916, with the exception 
of Clifford Dobell’s report, hardly any further reference to the disease has 
been made in English medical literature. I can find no clinical study of the 
infection published in this country though many papers oa the subject have 
appeared in America. 


This paper is based upon the study of 23 children infected with lamblia 
and has been largely written without previous reference to the publications 
of other observers. The conclusions reached are (1) that the infection is now 
by no means a rarity in hospital practice amongst children; (2) that it 
produces a chronic enteritis; (3) that the resultant diarrhoea is often severe 
enough to cause the subjects of the disease to be considerably below their 
proper weight, and occasionally will produce retarded development and 
diminution of growth, suggesting that in lambliasis we have a further possible 
cause of infantilism of the enteritic type; (4) that even in children true 
“carriers '' may be found, infected with lamblia, but without symptoms. 


Commentary 
A S McNEISH AND I W BOOTH 


This paper, by the first joint editor of Archives, 
gives a brief account of 23 children with chronic 
diarrhoea and suboptimal growth in whom Grardia 
lamblia cysts were found in the stools. The text 
moves from factual description to generalised state- 
ments about ‘lamblia’ infection, emphasising that 
the clinical picture can vary from the asymptomatic 
carrier state to ‘chronic enteritis with infantilism of 
the enteric type.’ 

From a modern standpoint this paper has three” 
defects. Firstly. Miller had no test to exclude coeliac 


*There is a fourth defect. Miller's concern for accuracy of reference 
would not satisfy a modern editor. The reference to Dobell is in 
fact an editorial in the Brinsh Medical Journal. which quotes 
Medical Research Council Special Report Series No 59 (written by 
C Dobell er af}, ‘A report on the occurrence of intestinal protozoa 
in the inhabitants of Britain.’ 
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disease, ‘which lamblia may resemble more than any 
other.’ Secondly, he could not test the clinical result 
of treatment, because no effective treatment against 
giardia was available. Third, giardia was common in 
the 1920s—the survey quoted in the paper suggested 
a carrier rate in England of 18-27%.' The finding of 
the parasite in some of Miller's patients may have 
been coincidental. 

And yet Miller may have been right. G. lamblia is 
endemic throughout the world and is spread by 
faecal—oral contamination, with the added possi- 
bility of animal reservoirs of infection.’ Fifty per cent 
of all infection may be asymptomatic. The active 
clinical picture is of acute diarrhoea, leading to 
chronic diarrhoea in a variable proportion. 

Attachment of the parasite to the mucosa of the 
small intestine is regarded as a crucial step in 


Af 
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pathogenesis. The exact mechanisms by which 
diarrhoea and malabsorption result are incompletely 
understood, but there is evidence for both mucosal 
and luminal factors. Enterocyte damage, mucosal 
inf-ammation, and on occasion direct invasion of the 
mucosa have been shown by light and electron 
microscopy, with the severest lesions being found in 
association with immunodeficiency.? 

Intestinal bacterial overgrowth, inhibition of 
lipolysis, pancreatic insufficiency, and, rarely, in- 
flammation of the bile ducts have all been found 
clinically or experimentally. 

he evidence that infection with the parasite can 
interfere with growth comes from experimental 
inf=ction in young animals.* > Analysis of the limited 
retrospective and cross-sectional data in children 
suggests that G. lamblia can interfere with linear 
growth and often causes faltering in weight gain or 
even weight lass.° The unique community based 
lorgitudinal studies by Mata of the children of Santa 
Maria Cauqué support this view.’ 

Why is there such a variation in the clinical 
picture? Differences in strain virulence and in host 
(immunological) susceptibility are proposed but are 
larzely unexplored. Sixty years after Miller, there is 
mtch work to be done. 
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(Further information about Reginald Miller, who 
was the inaugural editor, is given on page 979). 


(A S McNeish is Professor of Paediatrics and Child 
Health in the University of Birmingham and re- 
cently completed a five year term of office on our 
Editorial Committee. I W Booth is Senior Lecturer 
in Paediatrics and Child Health in tbe University of 
Birmingham.) 
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CURRENT 


PROBLEMS 


THE 


TUBERCULOSIS OF CHILDHOOD. 


Infection, Diathesis, Artificial Pneumothorax, 
Preventive Inoculation. 


ALAN MONCRIEFF, M.D., M.R.C.P. London, 
(Medical Registrar, The Middlesex Hospital.) 
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lt is a striking fact that tuberculous infection in infancy and childhood 


has not diminished in proportion to that of the adult. 


Aschoff,® quoting 


z0ttstein, has particularly emphasised this, and he points out that there are 
stil many problems with regard to the pathogenesis of phthisis yet to be 


solved. 


A review of certain views on these problems in the light of recent 


contributions to their study has been undertaken here almost entirely... . 


The paper is based on the author’s MD thesis and is 
a review of certain aspects in childhood tuberculosis. 


Commentary 
B D BOWER 
Summary 


Childhood pulmonary infection is generally 
accepted as being caused by the human tubercle 
bacillus. The evidence from sputum and bronchial 
gland cultures is overwhelming; in Japan, where 
cow’s milk is not used in infant feeding, pulmonary 
tuberculosis is as common as in the United King- 
dom. The portal of entry is less certain. Suggestive 
evidence exists for the intestinal, the pharyngeal, 
and even the conjunctival routes, but that for the 
‘direct aerogenous’ route is most convincing. Ghon, 
in particular, has shown the subpleural focus with 
infection of the draining lymph glands in 95% of 184 
autopsies. ' 

The existence of an inhernted tuberculous diath- 
esis is still debated, but most of the evidence in its 
favour can be explained on another basis—that is, 
the amount of contact with infected individuals, 
which means the dose of bacilli inhaled. The striking 
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results of separating newborn infants from their 
tuberculous mothers by comparison with those not 
so managed support this. 

In the treatment of children with pulmonary 
tuberculosis artificial pneumothorax is used in 
France and Germany, but not in Britain. Results 
from several hundred children of all ages treated for 
up to four years are given and suggest that it can 
prolong survival, but the author evidently has no 
first hand experience of the method. 


Prophylactic inoculation. Calmette and his school 
have produced an avirulent strain of the tubercle 
bacillus, ‘Bilié-—Calmette—Guérin’, by 230 succes- 
sive cultures.” This has been given orally to over 
2000 newborns whose mothers have active tubercu- 
losis and have refused to be separated from their 
infants. No tuberculosis has been detected in the 
infants when followed up, and no death was due to 
tuberculosis. In Britain various tuberculins and dead 
vaccines from attenuated bovine bacilli are being 
given by injection to child contacts, with some initial 
promise. 


Discussion 


It is difficult for most paediatricians working in 
Britain today to imagine the clinical scene in the 
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wards or outpatient clinics in 1926, Tuberculosis, 
stif a contender for the title of ‘captain of the men of 
death’ with an annual death rate (at all ages) of 80 
per 100 000 population, killed relatively slowly even 
in children. It therefore formed a large part of 
clinical medicine and surgery at all ages. Treatment 
was by indirect means—improved nutrition, general 
and local rest—and was slow in results when it 
werked at all. (Incidentally, why was artificial 
pn2umothorax never a popular treatment for chil- 
dren in Britain in contrast to Europe?) Alan 
Moncrieff, then a medical registrar, knew the 
essential facts about the aetiology, pathology, and 
spread of childhood pulmonary tuberculosis; but he 
and his colleagues were impotent to influence its 
course. It was not until more than 20 years later that 
effective antibiotics became available and trans- 
formed the clinical and epidemiological scene. 

Prevention, however, was receiving attention 60 
years ago, particularly in France, and tt is interesting 
to see that BCG was in existence and undergoing 
clinical trial at that time. It was first produced in a 
weoden shed in Lille in 1906, but it was not used to 
any extent in Britain until the 1950s. A freeze dried 
vaccine produced in this country was convenient to 
distribute and use and was soon accepted as effec- 
tive. But it was the arrival of effective antibiotics 
amd the organisation of case and contact detection 
nationally as well as locally that reduced the disease 
to its present relatively trivial proportions (annual 
netification rate of 12-2 per 100 000 for England tn 
1983 for all ages.’ and negligible mortality). 

On a global scale it is far from trivial, and in 
Batain the results of the large scale immigration of 
Asians in the first two postwar decades still remind 
us.of this. The incidence in Asians of all ages is still 
25 times greater than in whites.’ For children the 
annual notification rates seven years ago were (per 
109 000): for Indians 90; for Pakistanis and Bang- 
ladeshis 130; and for whites seven; and the propor- 
ticns are likely to be similar today. The reservoir of 
carriers in older adults and the return visits of 
children to their country of origin will prevent a 
rabid fall in the rate of infection of Asian children in 
the near future. In spite of the much greater risk to 
th s group, however, it is important to recognise that 
in Britain white children constitute the largest group 
of newly infected cases (50% of the total’). 

In a treatable disease diagnosis is particularly 
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important. In childhood tuberculosis today early 
diagnosis may make the difference between com- 
plete normality and survival with severe handicap, 
for instance in meningitis. Yet because of its present 
rarity, diagnosis ts more likely to be celayed in [986 
than it would have been in 1926. (Is it sigmificant 
that only 15% of cases in 1977-78 were notified by 
paediatricians, while 73% were notified by chest 
physicians?*). Not only must the possibility of 
tuberculosis be considered when an Asian child 
presents with undramatic symptoms, but it must be 
realised that in Asian children the presentation is 
more likely to be with extrapulmonary symptoms, 
which may be misleacing if the usual description of 
primary tuberculosis given in Western textbooks is 
considered typical. One must remember, however, 
that in Britain today the clinician is at least as hkely 
to encounter tuberculosis in a white child. 

Prevention must continue to concentrate on the 
Asian communities. After the diagnosis and treat- 
ment of open adult cases, contact tracing and 
chemoprophylaxis of children are the most impor- 
tant activities. BCG has been useful as a general 
preventative measure. But the point has now been 
reached where 2500 immunisations are required to 
prevent one infection. At present offered to 13 year 
olds of all racial origins, it may soor be sensible to 
offer it selectively, for instance to Asian newborns 
and children entering Britain. 
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(Information about the author. Sir Alan Moncrieff, 
who later became Edrtor of the Archives, is given on 
page 980.) 


(Brian Bower, who is a Consultant Paediatrician at 
the John Radcliffe Hospital, Oxford, is a past 
member of our Editorial Committee.) 
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NEPHRITIS IN CHILDHOOD 


BY 
NORMAN B. CAPON, M.D, MRCP. 


(From The Royal Liverpool Children's Hospital, 
for the Medical Research Counci!) 


The investigations upon which this paper is based were undertaken 
primarily to examine the practical value of the so-called “ renal efficiency 
tests "in children. Cases of kidney disease admitted to one of the medical 
wards of the Royal Liverpool Children’s Hospital were systematically 
examined, and the results have been analysed. This has necessitated a 
general survey of kidney diseases, and of the special peculiarities of these 
diseases in children. So far as possible. the pathological and clinical aspects 
have been correlated in the classification adopted; and an attempt has been 
made to emphasise the necessity of taking a broad general view of each case 


studied. 


The paper is sub-divided under the following headings :— 


1. Classification of nephropathies. 


2. Methods of investigation. 


3. Deseription of cases studied, 
(A) Acute glomerulo-nephritis. 
(B) Chronic glomerulo-nephritts. 
(C) Diffuse tubular nephritis. 


Pathological findings in diffuse tubular nephritis. 


4, 

5. Treatment. 

6. Summary and conclusions. 
7. Bibliographical references. 


Commentary 
G C ARNEIL 


The personality of Norman Capon, a man of wit and 
wisdom complementing perspicacity and pioneering 
thought, shines through this very early attempt to 
rationalise the approach to nephritis in children. 
One must remember this was during a time when 
streptococcal acute glomerulonephritis was common 
as was chronic, acute, and lethal sepsis, antedating 
by 10 years the use of Prontosil rubrum and by 20 
years the widespread use of penicillin. His paper is 
neatly compartmentalised and is perhaps best con- 
sidered in this way. 

Classification of nephropathies heads the list and 
like every subsequent attempt falls between the 


Scylla of clinical findings and the Charybdis of 
pathological dogma, until then unchallenged as it 
was, de facto, the last word. It may be summarised 
as nephrotic syndrome, nephritic syndrome, and 
chronic renal failure—not a bad start even today. 
We have now passed the zenith of pathological 
influence, but the pressures imposed by needle 
biopsy, light microscopy, electron microscopy, and 
immunohistochemistry backed up by some out- 
standingly dominant personalities has stressed the 
patience of many paediatric nephrologists. The 
acceptance that similar lesions may result from 
differing insults and that pathologists are not always 
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right, when biopsy examination is followed by 
cl nical course, is restoring a more realistic balance. 
[tas interesting to note that even then focal and inter- 
sttial nephritides were well recognised. 

Methods of investigation are very revealing. 
Medical history, general examination, and urine 
examination were as good as or probably better than 
teday. Serum biochemistry was crude and renal 
efficiency tests crude, lacking the sophistication and 
accuracy of modern clearance techniques and in 
pérticular isotope clearances. 

The star item of the paper is, however, the 
inclusion of renal biopsy examinations, a very early 
example of this technique. That the concept of 
‘rinimal change’ stretches so far back is thanks to 
the vegue for bilateral renal decapsulation current at 
that time that led Campbell. a Glasgow surgeon 
reviewing his remarkably good results in the early 
1620s, to suggest it was the anaesthetic and the 
operation (any operation!) that perhaps caused 50% 
to reeover (stress of surgery equal to treatment with 
glacocorticosteroids?). 

Description of cases studied is peppered with 
records of focal sepsis and systemic infection, which 
br.ng back memories to all paediatricians practis- 
ing before the latter half of the 1940s. 

Pathological findings are confused, with diffuse 
parenchymatous nephritis, diffuse interstitial 
nephritis, and other hoary old chestnuts confusing 
the issue. The morbid anatomy and histologies of a 
kidney decapsulated 86 days previously are of 
imerest. The histology of glomeruli on biopsy 
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examination reveal minimal charges, epithelial 
crescents, hyaline thrombus, and fibrous infiltration. 

Treatment included dietetic (high energy and 
protein), diuretics (alkalis and urea) sadly lacking 
chlorathiazides (1950s), frusemide, and anti- 
aldosteronic agents. Elimination of septic foci con- 
trast with prevention of viral infections and fear of 
fulminating gram negative septicaemia, which ‘bugs’ 
us today. 

This is a refreshiag leaf from history with an 
approach not dissimilar to that of today, albeit with 
less technology, pathological physiology, and no 
glucocorticosteroids, cyclophosphamide, or effec- 
tive diuretics. If it is always true that we treat them, 
but God cures them, then at least we are able to help 
the Almighty a little more today as compared with 
1926. 


(Norman Capon was subsequently appointed to the 
Foundation Chair of Child Health in the University 
of Liverpool. He was a Founder member of the 
British Paediatric Association and was its President 
in 1951-52.) 


(Gavin Arneil is Leonard Gow Lecturer and Profes- 
sor of Child Health in Glasgow. He was the first 
Director General of the International Paediatric 
Nephrology Association. He is a past member of 
the Archives Editorial Committee and currently 
Editor of The Bulletin of the International 
Paediatric Association.) 
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CHRONIC ULCERATIVE COLITIS IN 
CHILDREN. 


BY 


GEOFFREY BOURNE, M.D., M.R.C.P. 
(Physician to the East London Hospital for Children). 


By ulcerative colitis is meant in this paper a chronic ulcerative condition 
of the colon, inflammatory in nature, and accompanied by frequent loose 


motions containing blood and mucus. 


Other conditions associated with a minor degree of acute ulceration 
eceasionally are found in infants and young children, but in them the acute 
enteritis, rather than the few ulcers associated with it, dominates the ... . 


Commentary 
J A WALKER-SMITH 


Dr Geoffrey Bourne, author of the article, was a 
physician on the staff of St Bartholomew’s Hospital 
and King George’s Hospital, ford. He was also 
physician to the East London Hospital for Children 
at Shadwell. He was regarded as a sound general 
physician with a special interest in children (Swain 
V. Personal communication). At St Bartholomew’s 
Hospital he is best remembered for having estab- 
lished an electrocardiographic department. He was 
also an author, with several books to his credit, 
including one on politics. At St Bartholomew’s 
Hospital until 1937 no full time paediatrician had 
been appointed, and so children were cared for by 
general physicians in adult wards. In 1942 the East 
London Hospital for Children at Shadwell amalga- 
mated with the ‘Queen's Hospital for Children’, 
Hackney Road. For economic reasons Shadwell was 
eventually closed in 1962.! 

Dr Bourne began his paper with what is still today 
a good clinical definition for the colitis of chronic 
inflammatory bowel disease. Naturally. he was 
unaware of the current distinction between ulcera- 
tive colitis and Crohn’s colitis, as Crohn and his 
colleagues only went on to describe that disease for 
the first time some six years later in 1932.7 What is 
remarkable, however, is that despite the fact that he 
was only reporting one child and reviewing the 
scanty world reports up to 1926 he firmly based his 
diagnosis upon two diagnostic criteria that have 
stood the test of time; firstly, clinical (diarrhoea with 
the presence of blood and mucus in the stools), and 


secondly, endoscopic—that is, sigmoidoscopic or 
proctoscopic (which he described as naked eve 
evidence of chronic disease). 

He disregarded radiographic evidence alone. a 
view I would heartily endorse. Our current practice 
in the Paediatric Inflammatory Bowel Disease Clinic 
at St Bartholomew’s Hospital is to use only endo- 
scopy (colonoscopy and ileoscopy), with multiple 
biopsy for the diagnosis of colitis in childhood.’ 
Endoscopically, Dr Bourne insisted on the presence 
of ulcerated colonic mucosa for precise diagnosis. In 
his case report Bourne described the presence of a 
number of small ulcers on sigmoidoscopy. Were 
these in fact what now would be called apthous 
ulcers? In fact, endoscopists now teach us, perhaps 
paradoxically, that such discrete ulceration is not a 
feature of ulcerative colitis but is characteristic of 
Crohn's disease. In ulcerative colitis there is typi- 
cally a general granular appearance with increased 
friability and ulceration, which when present may be 
large and linear. Possibly, the case described was in 
fact one of Crohn’s colitis or even, as the author 
mentions, a case of bilharziasis (schistosomiasis), 
acquired in Egypt because the patient responded to 
intravenous antimony tartrate. 

Whatever the final diagnosis, in terms of current 
knowledge, the rarity of reported cases of ulcerative 
colitis—that is, chronic inflammatory bowel 
disease—in children up to 1926 is remarkable. At 
that time he could find only nine other what he 
described as well authenticated published cases in all 
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the published reports world wide. He mentions 
seven other reports that may also include some cases 
of ulcerative colitis. 

wevertheless, it is truly remarkable that ulcerative 
colicis should have been so rarely reported in the 
published reports up to that time. In a recent review 
from St Bartholomew's Hospital 28 cases were 
deseribed over 10 years. and the reports on 
ulcerative colitis in children are now extensive. Why 





has this remarkable increase in the number of 


published reports occurred? Does it reflect a true 
increase in incidence in developed communities in 
recent years? The disease is still uncommon in 
children in developing communities—-for example, 
in -ndia—but when Indian children are born in 
Bri-ain they also develop the disease.” Bourne, nor 
indeed his contemporaries, could have missed cases 
of chronic inflammatory bowel disease on any 
aprreciable scale in the light of his clinical acumen 
anc recognition of accurate diagnostic criteria and 
his knowledge of the disease in adults. Some 
environmental factors that have occurred in West- 
erm societies in the past 60 years must have been 
resvonsible for this change. It seems to be that an 
infectious agent, at least of the conventional type, is 
unlikely to account for this change, as in the last 60 
yeers the environment has become progressively less 
hazardous microbiologically, with some notable 
exceptions of course, such as legionella and acquired 
immune deficiency syndrome (AIDS), that are 
related to special features of modern life. Could any 
such special features be involved here in childhood 
ulezrative colitis or must we look to some chemical 
or ‘ood related substance that triggers an inflamma- 
tory process in the colon that continues for immuno- 
pathological reasons? Bourne's clinical acumen and 
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accurate description thus leads to fascinating specu- 
lation about the nature of this disease. 

Ulcerative colitis is as much an enigma to us today 
as it was to Bourne. Therapeutically, we have a 
better armamentarium, and the techniques of 
surgery have greatly improved, with subtotal col- 
ectomy and ileostomy being effective treatment. Yet 
only the discovery of the precise cause and the 
development of more effective therapeutic tech- 
niques, preferably for prevention but also of effective 
and curative treatment, will do away with what can 
only be described as mutilating surgery. Complete 
eradication of this unpleasant disease can be our 
only goal. 
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troenterology in the joint academic Department of 
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Children. He served on the Archives Editorial 
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CONGENITAL ABSENCE OF TIBIA. 


BY 


E. LAMING EVANS, C.B.E., M.A.. M.D. (Cantab.), F. RCS. Eng.) 


Surgeon, Royal National Orthopaedic Hospital, London, 


AND 


N. ROSS SMITH, M B., Ch.M. (Sydney), F.R.C.S. (Eng.) 


Late Surgical Registrar, Royal National Orthopedic Hospital 


iat 


Surgical Registrar, West London Hospital. 


CONTENTS. 


I. Definition and Description 
Il. Clinical and Radiographic 
Features 
TII. Cases 
IV. Diagnosis 


Commentary 
R W SMITHELLS 


In this article an orthopaedic surgeon and his 
registrar report eight cases of a rare skeletal 
deformity, including five published previously. In an 
article running to 35 pages, including 12 photo- 
graphs and eight detailed anatomical drawings, they 
describe the clinical, radiographic, and anatomical 
features and discuss aetiology and treatment. Their 
search of the published reports (which includes 
French, German, Italian, and American publica- 
tions) revealed only 102 previously published cases, 
although the bibliography curiously omits a refer- 
ence to Motta, who published a remarkable collec- 
tion of 50 cases.’ The discussion of aetiology refers 
to many theories and concludes that ‘the cause is 
defective development of the mesoblast under an 
influence at present unknown, but not traumatic, 
mechanical, vascular or atavistic’. 

Although only eight cases are here described, the 
paper brings out two points that larger series 
confirm-—namely, (a) the frequency of additional 
defects, by no means all skeletal, and (b) the familial 


VIII. 


V. Anatomical Descriptions 
VL Etiology 
VIL Treatment 
Conclusions 


IX. Bibliography 


tendency in some cases. It is interesting to compare 
this paper with that of Kalamchi and Dawe (1985), 
who describe 21 children with congenital tibial 
deficiency seen over 30 years.* Despite reporting 
seven times as many new cases, the modern authors 
are constrained to four pages, including eight 
figures. They have no further light to shed on 
aetiology, they confirm the frequency of associated 
defects of many kinds (in 14 of 21 children), and 
Share the views of Evans and Smith regarding 
treatment—-namely, disarticulation at the knee and 
the fitting of a prosthesis for all but the mildest 
cases. 

Interestingly, although several authors (including 
Evans and Smith) attribute the first reported case of 
congenital absence of the tibia to Otto (1841), no 
reference can be traced.* 





“The reference to the article by Otto has now been traced but is 
reported to make no mention of congenital absence of the tibia. 
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Biegraphical notes 





(With acknowledgements to Lives of the Fellows of 
the Royal College of Surgeons of England and to Dr 
P F Smith, Librarian, Institute of Orthopaedics.) 


Evan Laming Evans (1871-1945) CBE, FRCS, MD. 
Ecucated at Eastbourne College, Trinity College, 
Cembridge, and St Bartholomew's, London. Before 
se‘tling on a career in orthopaedics he worked as 
assistant bacteriologist in the joint laboratory of the 
Royal Colleges of Physicians and Surgeons: as a 
general practitioner; and in the South African war as 
surgeon and physician, winning the Queen’s medal 
wath three clasps; and he wrote his MD thesis on 
tyəhoid fever. His consulting work included the 
Industrial Home for Crippled Boys, and he had a 
special interest in congenital dislocation of the hip. 


Nərman Ross Smith (1897-1965) MB, cusp (Sydney), 
recs. After graduating in Australia he came to 
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London and worked at St Mary's, Guy's, St 
George’s, the West London, and the Royal National 
Orthopaedic Hospitais before settling in Bourne- 
mouth. He was orthopaedic surgeon to the Shaftes- 
bury Society's Victoria Home for Crippled Chil- 
dren. He was a stalwart supporter of the British 


Medical Association and was elected an Honorary 


Fellow shortly before his death. 
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A CONTRIBUTION TO THE STUDY OF 
THE CAUSATION OF FŒTAL DEATH® 


i$ 


CLARA DUNBAR TINGLE, M.D., 


Demonstrator in Pathology, Shefħeld University; 


Assistant Pathologist, Sheffield Royal Hospital, 


During the last few years, more attention has been paid to what has 
been, beforetime, a much neglected branch of pathology—the subject of 


foetal and neo-natal death. 


lis importance is obvious. 


The yearly wastage 


of foetal life assumes enormous proportions; nor is this all. 


Commentary 
JS WIGGLESWORTH 


One hundred and sixty autopsies were performed at 
the Jessop Hospital for Women, Sheffield, as a 
consecutive series from March 1923 to March 1925, 
on infants who were stillborn or died in the first 
week of life. There were 117 stillbirths and 43 
neonatal deaths. 

Using a simple classification Dr Tingle considered 
that 17 (11%) of the cases were associated with 
maternal causes, mainly ‘albuminuria’ or eclampsia; 
35 (22%) had placental causes, including placenta 
praevia. retroplacental haematoma, and infarction: 
and 129 (81%) had fetal causes, including trauma, 
infections, and anomalies. Twenty one cases were 
considered to have maternal or placental causes in 
addition to a fetal cause. Detailed analysis was 
restricted to the fetal causes. The major fetal cause 
of death was birth trauma, found in 105 (56% ) of the 
infants. An unrecorded number of these cases were 
craniotomies; of the remainder, 58 (36% of all 
deaths) had tentorial tears. Intracranial haemor- 
rhage was associated with the tears in 37 of the 58 
cases. In 30 of the infants the bleeds were classified 
as ‘much’ in quantity, in 19 as ‘moderate’, and in 
eight as ‘little’. Tentorial tears followed cephalic 
delivery in 30 infants, 17 of them with forceps, and 
followed breech delivery in 28, of whom 17 were 
delivered after version. Tentorial tears followed 
uncomplicated cephalic delivery at term in only two 
instances: other cases where forceps had not been 
applied were complicated by prematurity, con- 
tracted pelvis. or prolonged or precipitate labour. 
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Prematurity was considered to be a major tactor 
predisposing to dural tears, being present in 17 
(29%) of the affected infants. The intracranial 
bleeding was recognised as originating from the 
extension of a tentorial tear into a sinus in five cases 
and from a torn vein of Galen in one. The origin of 
bleeding was obscure in the rest, but dissection of 
fixed fetal heads indicated that the haemorrhage had 
arisen from tributaries of the vein of Galen. 

Two liveborn premature infants were found to 
have intraventricular haemorrhage extending 
through the third ventricle, aqueduct, and fourth 
ventricle. Eight cases of haemorrhage into one or 
both adrenals were recorded: seven of them had 
been delivered by the breech, and five had associ- 
ated intracranial haemorrhage. Other sites of bleed- 
ing included the pleural cavities, the lung substance, 
the perirenal tissue, and the kidney. 

Although trauma was clearly the dominant factor 
leading to haemorrhage, the possibility of haemor- 
rhagic diathesis was investigated by measuring 
clotting times of newborn infants and their mothers. 
Four infants had delayed clotting times and died at 
ages from 12 hours to 7 days. Two of these were the 
premature infants with intraventricular haemor- 
rhage: the others had multiple bieeding sites. 

Infection was recognised in 14 cases, of whom 
nine had pneumonia. Organisms cultured trom the 
lung included Escherichia coli or coliforms in seven 
cases, mixed staphylococcus and streptococcus in 
one case, and a pure growth of pneumococcus in one 


case where the mother also died of pneumococcal 
sepsis. 

Of the 10 infants classed as showing fetal anoma- 
les, four had cardiac anomalies, of whom two 
showed features of mongolism and two had other 
ar omalies. Pulmonary atresia was the most common 
cardiac lesion. Other forms of anomaly included a 
case of achondroplasia, without family history, and 
ar infant with generalised oedema. Histological 
examination of the latter infant revealed massive 


heemopoiesis in liver, spleen, and kidney, with 
excessive iron deposition in the liver. This was 


considered to provide evidence for the destruction 
of fetal red cells by some unknown toxic factor. 

‘The main conclusions of the study were that more 
fetuses died as the result of excessive trauma during 
delivery than from maternal or fetal disease, that the 
fatal results of trauma were due to haemorrhage, 
and that maternal disorders may predispose to fetal 
imjury during delivery. 


Tis paper reminds us of the dramatic improvement 
im perinatal survival that has occurred over the past 
6( years. The appalling mortality due to perinatal 
asphyxia and birth trauma recorded by Dr Tingle is 
umsurprising given the poor nutritional background 
of the population at the time combined with lack of 
sich vital adjuncts to modern obstetric and perinatal 
cere as antibiotics, safe obstetric anaesthesia, 
rcutine availability of blood transfusion, and the 
skills of modern neonatology. The progressive and 
continuing fall in deaths from trauma and asphyxia 
hes highlighted a series of less tractable problems 
tkat were obscured amidst the perinatal carnage of 
6 years ago. 

The problems of preterm birth were hardly 
recognised at the time when Dr Tingle wrote her 
paper and received little mention within it. The term 
‘premature’ was applied indiscriminately to any 
infant of low birth weight, with resultant confusion 
between preterm and growth retarded infants. This 
may partly account for the association noted be- 
tween prematurity and intracranial trauma. 

Some currently important areas of perinatal 
dsease do find mention in the text. Thus two 
‘premature’ infants developed intraventricular 
hzemorrhage. They differed from the majority of 
such infants recognised now in having severe clot- 
ting abnormality. 

An infant with generalised oedema. from the 
description almost certainly a case of rhesus isoim- 
munisation (not elucidated until 1940), was correctly 
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recognised as suffering from destruction of the feta. 
blood by some unknown ‘toxic factor’. Although 
rhesus isoimmunisation is now largely prevented. 
the problems of fetal oedema and non- 
immunological hydrops have become an important 
area for pathological investigation. 

The problems of congenital anomely, discussed by 
Tingle only in relation to the heart and skeleton 
now assume major importance with development o7 
methods of antenatal diagnosis, genetic counselling. 
and in a few cases intrauterine surgery. The infant 
described as having achondroplasia. most probably 
a case of thanatophoric dwarfism, represents ë 
group of infants, the lethal short limbed chondro- 
dystrophies, that require cooperation betweer 
pathologist and geneticist for diagnosis and will need 
continuing biochemical investigation to determine 
the underlying mechanisms. In the 1980s the pat- 
terns of perinatal death presenting tc the pathologis: 
change at an increasing rate. The cases now referred 
to a regional specialist include a high proportion o7 
second trimester fetuses requiring delineation, con- 
firmation, or exclusion of congenital anomalies oz 
fetal disease to link with the range of investigative 
approaches available to the clinician. The area ov 
genetic disease other than gross anomalies found ne 
place in Dr Tingle’s study but is now becoming æ 
major concern to pathologists with availability o 
antenatal biochemical diagnosis for many enzyme 
defects and the development of DNA probes for 
disorders such as Duchenne dystrophy and cystic 
fibrosis. Investigation of the causes end mechanisms 
of perinatal death has become a far more exciting 
and hopeful field of study than it was 60 years ago. 





(Clara Tingle (or Clara Cross as she became after 
marriage) graduated from, and proceeded to MD at. 
Sheffield University. Later she moved to south west 
England where she set up the Department of 
Pathology and worked as a Consultant Pathologist 
in Bath. She introduced exchange transfusion for 
rhesus incompatibility in that area. She died earlier 
this year in the Unit named after her at St Martin’s 
Hospital in Bath. She was, we believe, the only 
contributor to the inaugural issue of the Archives te 
have seen the beginning of its Diamond Jubilee 
year.) 


(Jonathan Wigglesworth is Professor of Perinata 
Pathology at the Royal Postgraduate Medica 
School, Hammersmith Hospital, London, and is g 
member of the Editorial Committee.) 
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EFFECT a CEPHALITIS LETHARGICA 
ON THE INTELLIGENCE OF CHILDREN. 


BY 


HEPHERD DAWSON, M.A., D.5o.. 
AND 


J. ©. M. CONN, M.A. 
(From the-Medical Saad the Royal Hospital for Sick Children, and 


the Psychology 


Department, Jordanhill Training Collegs, Glasgow.) 


I.—INtTRODUCTION, 


Commentary 
R J ROBINSON 


This article is of historical interest for two different 
reasons. Firstly, it deals with) a disease that swept 
round the world in the years immediately after the 
first world war, leaving devastating neurological 
disability in many of the survivors, but that then 
disappeared, its cause remaining an enigma. 
Secondly, it is fascinating to see that the approach 
used by these authors to the question ‘Does en- 
cephalitis affect intelligence’ was then clearly a 
novel one, though to us in 1986 it seems obvious and 
natural. It involved the use of psychometric testing 
on patients and controls followed by statistical 
comparison. Both methods were sufficiently un- 
familiar to need full explanation, and the clear 
manner in which this is given makes the paper a 


pleasure to read.’ 

The authors 

Dr Shepherd Dawson, the senior author, was head 
of the Psychology Departmen at Jordanhill Train- 
ing College, Glasgow. His int ‘rests included patho- 
logical factors affecting children’s intelligence and 
the application of statistical methods to such studies, 
on which he published a practical manual. This 
study, like much of his research, was carried out at 
the Royal Hospital for Sick Children, Yorkhill. He 
died in 1935, aged 54. He was distinguished figure 
in academic psychology, and his obituaries confirm, 


as can be guessed from this paper, that he was ahead 
of his time in the scientific) application both of 





Disturbances|of mentality are probably the commonest and most striking 
of the after-effeets of encephalitis lethargica. Duncan® found . .. . 


psychological testing and of statistics. Dr Conn was 
presumably a member of Dr Dawson’s department. 


The study 


Forty six children (‘The number of cases is not so 
great ... as could be wished’!) had a definite 
diagnosis of encephalitis lethargica. They were given 
the Binet tests of intelligence as translated by Sir 
Cyril Burt. The controls were 974 children without 
encephalitis who had been tested in the same 
hospital. The mean intelligence quotient of the cases 
(84-63) was significantly lower than that of the 
controls (90-53). Subgroups from the cases were 
further analysed to see what factors were associated 
with the lowered intelligence. Intelligence was’ 
significantly lower in those whose disease had lasted 
more than 12 months, and the children who had 
been retested after an interval had mostly failed to 
show the appropriate increase in mental age. There 
was no difference in mean intelligence according to 
the presence or absence of a Parkinsonian syndrome 
or of behaviour disturbance. 

No details are given of the ages or clinical features 
of the cases or controls, as would probably be 
expected now. Today’s Archives reader might be 
more struck by the apparently rather small effect of 
this severe illness on intelligence than by the fact 
that there was an effect. 


Encephalitis lethargica 
This disorder was first described by von Economo in 
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1917 and occurred in a pandemic lasting from about 
1917 to 1928. More than a million cases may have 
oceurred world wide. with perhaps half a million 
deeths. Though the diagnosis seems to have been 
regarded as straightforward, the clinical picture was 
evidently variable. The typical acute cases showed 
heedache, disturbance of sleep rhythm (with an 
emohasis on somnolence by day), and ophthalmo- 
plezias. A wide variety of other neurological dis- 
turpances, however, such as cranial nerve palsies, 
betaviour disturbance, or extrapyramidal disorders 
might occur in the acute stage. Sometimes the onset 
wat more gradual. Epidemics occurred in waves, 
wit? greater numbers in the winter months. 

This account is based on what I have read! 
because there can be few living physicians with 
personal experience of the disease. The older of us, 
however, well remember seeing cases of post- 
encephalitic Parkinsonism, and this late complica- 
tioa probably cccurred in most survivors, greatly 
adcing to the burden of disability caused by the 
par demic. 

Encephalitis lethargica was generally assumed to 
be caused by a specific virus. but no definite 
infective agent was ever identified. Some link with 
the influenza pandemic of 1918-19 was often sug- 
ges ed but not generally accepted because there was 
no close time relation between influenza and en- 
cephalitis, and because the encephalitis pandemic 
seems to have started before that of influenza. A 
relstion between the two disorders, however. has 
recently been argued again and the newer under- 
standing of slow virus infections, and of the long 
delay between acute measles infection and subacute 
sclerosing panencephalitis, makes a long latency 
between influenza and encephalitis more easily 
ungerstandable. The exact cause remains a mystery. 


Childhood encephalitis today 


Theugh encephalitis lethargica no longer occurs, we 
still see children in whom a clinical diagnosis of 
encephalitis is made. They present with some 
combination of fever, fits. and depression of con- 
scieus level, their electroencephalogram is usually 
slow, and the cerebrospinal fluid may or may not 
show an excess of lymphocytes. In most cases the 
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diagnosis remains a presumptive cne, the main 
exceptions being herpes simplex encephalitis and 
encephalitis after an acute childhood infectious 
disease such as measles. In fact, a determined search 
for evidence of viral infection will reveal this in most 
cases.’ The viruses concerned, which include 
entero- and adenoviruses as well as those already 
mentioned, are common, whereas encephalitis is 
rare, suggesting an abnormality of host response. 
The mechanisms producing encephalitis are becom- 
ing clearer, some forms such as herpes being the 
result of direct viral invasion or replication in the 
brain, whereas others such as measles are due to 
an abnormal immune response. The major recent 
advances in treatment have been the use of antiviral 
agents, particularly acyclovir for herpetic encephali- 
tis, and closer neurological monitoring, with control 
of intracranial pressure in severe cases. 

Many children make a complete recovery after 
viral encephalitis, though the prognosis is less good 
when the agent is measles and much worse if it is 
herpes. Even after other encephalitides an appreci- 
able morbidity occurs, and studies like that done by 
Dawson and Conn 60 years ago remain important 
and relevant. The editors would still be delighted to 
receive a paper as clearly written as this one. 


l am grateful to Dr and Mrs R R Gordon of Sheffield for the 
biographical information about Dr Dawson, who was Mrs Gor- 
don’s father. Dr Gordon is a member of the British Paediatric 
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United Medical and Dental Schools o? Guy’s and St 
Thomas’s, London. He was Editor of the Archives 
from 1969 to 1982; further details are given on 
page 984.) 
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Several of the shafts in Richard Asher’s ‘Why are 
medical journals so dull?’ were aimed at the BMJ 
(as he told me when I was his houseman).' Some, 
however, would have been just as appropriate to 
other targets; would these have included the first 
volume of the Archives? Certainly some of the 
externals are the very features that Asher stigma- 
tised: drab cover, poor quality paper, unattractive 
titles, and overlong articles. Other contributors 
deal with the scientific quality of these; here I shall 
consider one aspect that er didn’t touch on— 
the subediting—and one that he did—the style of 
writing. 


Subediting 


Another major enfant terrible of our time, Sir Peter 
Medawar, evoked a lot of applause when he called 
the scientific paper a fraud: science doesn’t happen 
with the cosiness of the D structure (introduc- 
tion, material and methods, results, and discussion), 
and so articles should be written to reflect reality.’ 


This idea is fine when authors of Medawar’s or 
Asher’s calibre are writing, but most of the articles I 
have seen written in this fashion have all the likely 
clarity of Freud’s first consultation with the Wolf 
Man. And it is impossible for the eavesreader to find 
out quickly at what pH the experiment was con- 
ducted or what the author thinks the message is (and 
not infrequently he leaves this out anyway). For 
most of us the IMRAD structure is a useful prop, 
particularly when each section of the article does no 
more and no less than is demanded of it, and 
Bradford Hill’s series of questions is still the best 
guide for the tyro: ‘Why did you start, what did you 
do, what answer did you get, and what does it mean 
anyway? That is a logical answer for a scientific 
paper.” 

The need for formality is well illustrated by 
volume 1 of the Archives. Some articles have 
summaries; others do not; others do not have 
subheadings at all, while any thought that there 
might be some consistent hierarchy or meaning to 
the sequence, size, or position of these where they 
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ae 


ar2 provided is soon dashed by finding that one 
ar-icle uses capitals, another italics, yet another 
bcth, and in either a central or shoulder position, or 
bcth. (The only regular feature is the old fashioned 
ful point at the end of the title of the article, a 
sudheading, or a table.) Finally, faced with the 
re=erences, the obsessional gives up, blessing for 
once the Vancouver convention: what we now know 
urversally as JAMA has no fewer than six different 
abbreviations,” two versions being seen in a single 
short reference list. 

All this suggests, I believe, that if the articles were 
altered at all this was done by the printers, who 
would routinely have ‘marked them up’ for the press 
(asupposition confirmed by comparing the amateur- 
isF charts—presumably drawn by the authors—with 
the clear photomicrographs, some of them in 
passable colour). Illegally, the bound volume does 
nct contain the names of the printers—but could 
th2y have been the BMA’s own, dealing mainly with 
the BMJ, whose flat bed machines occupied the 
whole of the fourth floor of BMA House until 
1935? 

The two editors had a small editorial board. Their 
prestigious names were no doubt there to give the 
journal a cachet; certainly, none of them is likely to 
haye been concerned with subeditorship, although 
the occasional obsessional, such as the great Robert 
Mair, editor of J Path Bact, stands out by an 
insistence on meticulous preparation of manuscripts, 
ofren done around his own dining table. 

The Archives board is also unlikely to have been 
coacerned with peer review, let alone mundane 
matters; though review goes back to the beginning 
of serious scientific publishing, it was not all that 
widely practised in the 1920s, coming into routine 
us2 some 20 years later.* (Even in the 1960s the 
editor of Nature was said to choose most articles for 
publication by assessment within the office, taking the 
occasional difficult manuscript with him when he 
luached at the Athenaeum in the hope that he would 
meet a colleague who could give him an expert opinion 
on it. (Maddox. Personal communication.)) 


St-le 


TEat the board took little active part in preparing the 
menuscripts is confirmed by the frequently printed 
‘padder’ or‘gobbledegook’: totake only one member, 
the editor of the BMJ, in 1926 this was the renowned 
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Sir Dawson Williams, a friend of the Fowlers and the 
Onionses, who was as likely to have put up with 
oxymoron or tautolozy as he was with the printers 
upstairs who settled their differences by fisticuffs (he 
sacked them). But, without tactful editorial help, 
Asher says, ‘[doctors] clog their meaning with muddy 
words and pompous p-olixity; they spend little time in. 
seeking the shortest, neatest, and plainest way of 
putting their meaning.’ So in the Archives titles we 
have the redundan: ‘An investigation of...’, 
‘Remarks on.. .’, or ‘Observations on.. .’. Any 
idea that before the antibiotic era there was a golden. 
age of medical prose is dashed here Dy the frequent 
floating participles; the ‘enlargedinsize,’ ‘increasedin. 
number,’ and ‘aerogenous in nature’; and the sheer 
wordiness, seen typically, say, in Norman Capon’s 
article on nephritis in childhood. 

Tosay all this is not to sneer at the first volume of the: 
Archives, a journal | have always skimmed for interest 
and pleasure. Journal when they start exist to serve. 
the authorship rather than the readership; in fact, 
initially the two are the same, reflecting the invisible 
college that the journal was set up to serve, and a 
general readership that is not publishing much itself 
follows later. It is then that a good editor (of which the. 
Archives has recently had several) must switch his. 
priorities from his author to his reader, whose 
interests become paramount—and this means styling 
his manuscript in serviceable and intelligible prose, 
whatever the author’s prima donnaish complaints. 

In the 60 years since the Archives started we have 
lost something—true, not much; but something. 
Articles were not then overauthored or overrefer- 
enced: the mean number of authors per original 
article was 1-5 (range 1-4) in 1926, compared with 
3-3 (range 1-12) in 1935; we were spared those awful 
declamatory titles that nowadays inhibit us from 
reading further (‘Growth hormone inhibits atrial 
natriuretic factor production’); and editors were not 
pressured by authors bent on priority into what Stossel 
has called an ‘arms race’ of over-rapid publication or 
printing a whole hiscory of the article (Received 
on... suggested revision ...; revised version 
received/accepted on. . .).° 

The truth is that old journals interest a (very) few 
medical historians; most of us would prefer them out 
of the way, wrapping up the fish and ships. Whereas 
Asquith’s policy over Irish Home Rule or Keynes’s 
views on the Gold Standard can still be debated with 
valid interest, the reports of the 1939s on immuno- 


“Ins Am Med Assn Chic; Jour Amer Med Assoc Chic; Jour Amer Med Assoc; Jnl Am Med Assoc Chicago; Jour Am Med Assn Chicago; 
J Ax Med Assoc Chicago. Concern over accurate references is not a mindless obsession: I would challenge anybody to retrieve some. of 
those in this first volume, such is the paucity of information they give (no authors initials, or titles of tne articles, for instance). 


*On= of the offices at the journal, the first l occupied, has a corner cupboard madc out of the old lift shaft that carried the heavy lead type from the 
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transfusion or tuberculosis cannot. Much was pro- 
duced around 1926 that has the same impact today: 
Stravinsky's Oedipus Rex, Aldous Huxley’s Point 
Counterpoint, Henry Moore’s first reclining figures. 
Better to revel in them and to celebrate the 60th 
anniversary of the Archives with the current issues, 
though in 2046 much the same will be said about 
these—and that is how it should be if medicine, and 
paediatrics, is to continue to advance. 


References 


' Asher R. Why are medical journals so dull? In: Holland R, ed. 


A Sense of Asher. London: British Medical Association, 1984: 
78-84, 
? Medawar PB. Anglo-Saxon attitudes. Encounter 1965,25:52-8. 
* Bradford Hill A. The reasons for writing. Br Med J 1965,41:870-1. 
* Lock S. A difficult balance: editorial peer review in medicine. 
London: Nuffield Provincial Hospitals Trust. 1985. 
$ Stossel TP. Speed: an essay on biomedical communication. 
N Engl J Med 1985;313:123-6, 


(Stephen Lock is editor of the British Medical 
Journal and has been a member of the editorial 
committee of the Archives since 1975.) 


Sir Thomas Barlow, who wrote the introduction to the 1926 Archives (see pages 933-8 of this issue), was 
one of Jenner's assistants at University College Hospital, London. where he had qualified in 1871. Three 
years later he was a Registrar at The Hospital for Sick Children, Great Ormond Street, and within two years 
he was Assistant Physician at that Hospital and the Charing Cross Hospital. He occupied the Holme Chair 
of Clinical Medicine at University College Hospital from 1895 to 1907. 

In 1883 he showed that infantile scurvy was identical with adult scurvy and that rickets was a separate 
disease. which became known as ‘Barlow’s disease’. He was Physician-Extraordinary to Queen Victoria, 
King Edward VII, and King George V. Barlow was President of the Royal College of Physicians during the 
controversy over the National Insurance Act. He had long been Senior Fellow on the College List when he 


died in his hundredth year. 
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B=RNARD VALMAN 


Ir Europe and America specialist physicians, 
nétional societies, and journals devoted exclusively 
tothe medical care of children were well established 
bs the end of the last century. In Britain a few 
plysicians would give an opinion on a sick child 
walle retaining their interest in the medicine of the 
acult. 

In 1896 an attempt was made to start an Anglo- 
American journal of children’s diseases to be 
published simultaneously here and in America. The 


success and was abandoned after a short time. The 
American publication grew rapidly despite the 
prestigious Archives of Pediatrics that had been 
published by the American Pediatric Society since 
le84. The name of Archives of Pediatrics was 
changed to Clinical Pediatrics in 1926 and the last 
vclume was published in 1930. Perhaps the change 
to a more modern and snappy ttle was a factor in 
the dissolution. 

In England ‘The Society for the Study of Disease 
in Children’ was started in 1900. Clinical material 
foz the meetings was largely supplied by physicians 
whe worked mainly with children, but a large 
number of general practitioners attended the meet- 
ings, which were held in Brighton and Folkestone as 
well as Birmingham and London. Dr George 
Carpenter, who was Physician to the Evelina Hos- 
pral, London. edited an annual report for the 
Society, which was published by J and A Churchill. 
It was a substantial volume containing not only the 
results of papers on recent research but also clinical 
and pathological observations and the eriticisms of 
the papers that had been heard at the meetings. 
Cerpenter had probably been chosen as Editor 
because he had been appointed the English Editor 
of Pediatrics and had remained a member of the 
Ecitorial Board after the London edition ceased 
publication. These reports appeared annually until 
1998 when the Society was incorporated into the 
Reyal Society of Medicine. 

carpenter was elected Physician to the North 
Ezstern Hospital for Sick Children, which later 
became The Queen Elizabeth Hospital for Children 
in Hackney Road, London (1903). At the same time 
he held the post of Medical Officer of Health for 
Beckenham. This was probably the reason for his 
special interest in the social aspects of children. 





George Carpenter, MD 


About this time he saved the life of a child of R E 
Adlard, a printer, who agreed to finance and print a 
new paediatric journal with Carpenter as the Editor. 

The British Journal of Children’s Diseases first 
appeared in 1904. In the first editorial Carpenter 
wrote “The object of the Journal wil. be to keep its 
readers in touch with the advances in knowledge in 
all that relates to the study of disease in children, 
whether of a scientific or practical nature. Its pages 
will not only be devoted to the study of disease in 
children, but to the prevention of dis2ase, and to all 
that appertains to the welfare of children, whether 
physical or psychical. If The Society for the Study of 
Disease in Children and The British Journal of 
Children’s Diseases can accomplish this good end, 
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they will not only have justified their existence. but 
they will have accomplished a very worthy mission.’ 
The first paper was a case of hemicrania with third 
nerve paralysis by James Taylor, who was Physician 
to The National Hospital, Queen’s Square. The 
second was a note on the antiquity of achondropla- 
sia by George Pernet, who was Assistam: to the Skin 
Department at University College Hospital, and 
described small glazed earthenware figures from 
Egyptian tombs showing the characteristic features. 
George’s Hospital and the Belgrave Hospital for 
Children, on congenital hypertrophic stenosis of the 
pylorus in which pyloroplasty was performed. The 
next day the infant fed well but then developed 
gastroenteritis, a feature that was to be described at 
regular intervals in the pages of the Journal for the 
next 30 years. Mr Harold Burroughs described a 
case of Henoch’s purpura in which a laparotomy was 
performed, and an accompanying editorial was on 
the aetiology of the visceral crises in Henoch’s 
purpura. There was an editorial on the Employment 
of Children’s Act and abstracts from the current 
literature, including a new treatment for whooping 
cough and the vitality of children of tabetics. In the 
signed book review section an author is rebuked for 
giving general practitioners confusing advice. The 
author had listed the treatment for a restless case 








Open air treatment at the North Eastern Hospital for 
Children: medical balcony (below, left) and surgical 
balcony (above). 


of pneumonia as the following: “Two leeches: a 
small blister: equal parts of chloroform belladonna 
and aconite liniments applied on lint: the ice bag: 
and cold lotions. The warm applications will generally 
be found to be the best. One. two, or three drops of 
nepenthe, one to three grains of Dover's powder or 
a small hypodermic injection of morphia’. 

Carpenter wrote most of the editorials in a 
sparkling style covering many important aspects of 
the prevention and practical management of dis- 
ease. He tackled the care of infants in workhouses. 
the high infant mortality and the new treatment of 
infectious diseases by exposure to fresh air (Figures). 
He presented and wrote up a large proportion of the 
patients presented at clinical meetings. He wrote 
three books: ‘Congenital Affections of the Heart’, 
‘Congenital Syphillis in Children in Everyday Prac- 
tice’, and “Golden Rules for Diseases of Children’. 
Within a year he had formed an Editorial Board 
with six members elected from different parts of the 
country and two members from abroad. In March 
1910 at the age of 50 years he died from a sudden 
cerebral haemorrhage. 

Dr John Davey Rolleston, younger brother of the 
physician Sir Humphrey, became the next Editor 
and remained in that post for the next 34 vears. He 


wes Superintendent of the Western Fever Hospital 
in London and author of the standard textbook on 
acate infectious diseases. Although he had immense 
ex erience of the care of sick children, he was never 
recognised as a children’s specialist. He continued 
Cerpenter’s policy of emphasising the social and 
practical aspects of the medical care of children as 
well as the description cf physical disease. The 
number of pages printed gradually diminished to 
about 300 each year in the 1920s from 600 in 
Cerpenter’s day. The last volume in 1944 had only 
66 pages. There was an original article on meningitis 
in children refractory to sulphonamides and a paper 
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on the pathogenesis and clinical symptoms of 
tuberculous meningitis. In the fina edition there 
were abstracts of a /939 meeting (held five years 
previously) of the Royal Society of Medicine where 
there were presentations of kernicterus by Dr R S 
lilingworth, diabetes insipidus by Dr Donald Court. 
and subdural haematoma by Mr D W C Northfield. 
The Editor must have been desperate for material at 
this time because he then published an account of a 
meeting held 11 years earlier in /933 at the Societié 
de Pédiatrie of Paris. a Society whose meetings 
Carpenter had attended regularly and reported 
promptly. 








Photograph of the family of the case of hypertelorism 
reported in the 1926 Archives volume 1. 
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Archives of Disease in Childhood 
and the British Paediatric Association 


This account of the founding and early years of the 
Journal by Alan Moncrieff was first published in 
‘The British Paediatric Association 1928-1957 by 
H C Cameron. 


The Archives of Disease in Childhood first appeared 
in 1926, and was published by the British Medical 
Association, being the forerunner of many special 
journals. The question of the British Medical 
Association’s undertaking responsibility for publica- 
tion of subsidiary journals devoted to special sub- 
jects (on the lines of the policy followed by the 
American Medical Association) had been under 
discussion in B.M.A. committees in 1925. Accord- 
ing to an article in the British Medical Journal (1926: 
1. 209), “some of the medical men whose work lies 
chiefly among children” had suggested the publica- 
tion of a new journal and an approach had been 
made to the British Medical Association. Doubtless 
si Dawson Williams, then Editor of the British 
Medical Journal, gave his support, for he had been a 
paediatrician before becoming a full-time medical 
journalist. However, it is recorded that difficulties 
were encountered which “suddenly” and “unex- 
pectedly” dissolved and at a Council Meeting in July 
1925, the British Medical Association agreed to 
publish the new journal (referred to as a “Journal of 
Paediatrics”). It is not possible, unfortunately, at 
this stage, to be certain who were the “medical 
men” referred to above. The article mentioned says 
they had been meeting together. Sir Robert Hut- 
chison remembers nothing about any such meetings 
and Donald Paterson has no clear idea of the events 
leading up to the launching of the Archives except 
that the only other Paediatric journal The British 
Journal of Children’s Diseases was getting worse! 
Presumably Hugh Thursfield and Reginald Miller 
must have had a lot to do with the affair, as they 
became the first editors. The first meeting of the 
editorial committee of the Archives took place in 
October 1925, with Dr. G. F. Still in the Chair. 
Others present were Thursfield, Cameron, 
Dingwall-Fordyce, Mr. H. A. T. Fairbank, Mr. Max 
Page and the editor of the British Medical Journal. 
Objections were raised to the use of “pediatrics” 
(American style!) in the title and after discussion the 
present one was adopted. According to the records 
Thursfield and Cameron had been the first choice as 
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editors but Cameron was unable to accept and 
Reginald Miller was chosen. All this, of course, was 
going on before the British Paediatric Association 
had come into being. 

It follows, therefore, that although the British 
Paediatric Association used the Archives to publish 
the proceedings of its Annual General Meeting from 
the outset, the first such report appearing in 1928 in 
the third volume, and later, during the vears of the 
second World War to publish reports on various 
subjects, there was at this stage no official con- 
nexion between the Association and the journal. 
From time to time, the question of a special journal 
owned by the Association was discussed unofficially, 
there being a school of thought which held that a 
substantial income for the Association might there- 
by be obtained! Matters came to a head in Septem- 
ber 1943, when the Executive Committee had 
before it a letter from a firm of printers, Messrs. 
Adlard and Son Ltd. offering to transfer all rights in 
the British Journal of Children’s Diseases to the 
British Paediatric Association. After considerable 
discussion it was decided not to accept this offer. In 
the course of the debate the question of an approach 
to the British Medical Association arose, and Alan 
Moncrieff, then one of the joint editors of the 
Archives was authorised to interview Dr. Hugh 
Clegg, deputy editor of the British Medical Journal 
on the question of the relations between the British 
Medical Association and the British Paediatric 
Association in reference to the Archives. Moncrieff 
reported to the next Executive Committee meeting 
that it looked as if the British Medical Association 
might consider recognition of the Archives as the 
official journal of the British Paediatric Association 
and accordingly the then President, Leonard Par- 
sons, sent a letter to the Journal Committee of the 
British Medical Association asking that this should 
be effected. The Journal Committee apparently 
discussed the matter and then asked Moncrieff to 
come for further discussions with the Chairman of 
the Council of the British Medical Association, the 
acting Secretary, Dr. Charles Hill, the Chairman of 
the Journal Committee, the Editor of the British 
Medical Journal and the Deputy Editor, Dr. Hugh 
Clegg. The result of this was a rejection of the idea 
of making the Archives the official organ of the 
British Paediatric Association, together with an 
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offer to allow the appointment of editors, editorial 
committee and the general advisory board to be 
mede by the British Paediatric Association, this tact 
to be noted on the cover and elsewhere. Another 
suggestion was that the appointments should be 
mde jointly by the two Associations and this fact be 
sumably noted in appropriate places. 

All this was reported by Moncrieff to an Execu- 
tiv Committee in November 1943, and eventually 
confirmed by a letter from Dr. Clegg to Parsons at 
the end of the year. At the first Executive Committee 
meeting in January 1944, Dr. Hugh Clegg and 
Dr. Charles Hill attended for further discussion. 
General matters concerning the relationship be- 
tw2en the two Associations were debated but the 
subject is not relevant here. Regarding the Archives 
the second of the two foregoing alternatives was 
aceepted. The British Paediatric Association was to 
nominate the editors, the editorial committee and 
the general advisory board, these nominations being 
surject to the approval of the British Medical 


Archives and the British Paediatric Association 
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Association, so that in effect the appointments were 
initiated by the British Paediatric Association and 
ratified by the British Medical Association. It was 
agreed that members of the editorial committee 
should serve for three years and that the President 
of the British Paediatric Association and the Editor 
of the British Medical Journal should be ex-officio 
members of this committee. The pcssibilities of a 
part-time payment to an editor was discussed. 
(Later the British Medical Associaticn supplied the 
sub-editorial assistance for all its special journals as 
required.) 

All this appears to have taken a surprising amount 
of time, meetings and correspondence. Parsons, 
Moncrieff and A. W. Franklin were appointed to 
serve On a joint committee with members of the 
Journal Committee of the British Medical Associ- 
ation, partly to discuss further the matters men- 
tioned above, but also because the British Journal of 
Children’s Disease had now come into the story 
again. Dr. Clegg had approached Messrs. Adlard 
and Son Ltd. in December 1943, about the future of 
their journal. Eventually the Jourral Committee 


Archives Editorial Office in British Medical Association 
House, Tavistock Square, London. 
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and the Council of the an Medical Association 
agreed to purchase the rights of the British Journal 
of Children’s Diseases “without prejudice to future 
publication and without conditions as to the printing 
thereof’. This was duly reported to an Executive 
Committee in September 1944. The editorial com- 
mittee of the Archives now duly nominated by the 
British Paediatric Association then met, and it was 
decided to add to the title of| Archives of Disease in 
Childhood the words “incorporating the British 
Journal of Children’s Diseases”. The new wording 
regarding the appointment of editors and editorial 
committee was also approved and for the first issue 
of the next year, March 1945, the words “British 
Paediatric Association” appeared on the cover of 
the Archives for the first time. To this may be 
added a phrase in a letter from Dr. Clegg to 
Parsons regarding this point, namely that the 
name on the cover would |“make it quite clear 
to the medical world generally that editorial policy 
and editorial direction are provided by your 
Association”. | 

The Honorary Secretary, reporting these facts to 
the Annual General = in 1945 stated that 


Dr Douglas Gairdner, editor|1964—79, writes: 


“your Association is officially associated for the first 
time with the management of this Journal”. 

No great change in the arrangements has since 
been made. The machinery for nomination and so 
forth worked smoothly when set in motion. If 
changes on the cover during the current year were to 
be avoided, however, someone had to remember in 
good time that nominations had to be made some six 
to nine months before the next year’s volume 
appeared. Also, the period of three years was found 
in practice to be too short a time for membership of 
the Editorial Committee. 

In 1954, with the agreement of all concerned, the 
annual meeting of the Editorial Committee, which 
used to be held in the summer, was changed to a 
time when its recommendations could go to the 
impending February meeting of the B.P.A. Execu- 
tive Committee. Thence, after approval by the 
Annual Meeting of the B.P.A. the nominations are 
sent to the B.M.A. for their consideration, so that 
editorial changes are made in good time for the first 
number of the Archives for the ensuing year. In 1954 
also, membership of the Editorial Committee was 
extended to five years. 


A possibly interesting commentary on the way things like appointing an editor used to go in the days when 


the BPA was smaller, more 


ual, and less professional is my recollection of a Council meeting in, I think, 


1953. At the end of a long agenda came one more item—“‘Resignation of Dr Philip Evans from Editorship of 
Archives’. The Chairman asked for suggestions for a replacement. None were immediately forthcoming, 
and there was quite a long silence. I looked round the table and saw Richard Dobbs, and mentioned his 
name as a possibility. He looked a little startled, but there was little hesitation from the others before he was 
unanimously appointed. Later, Ian Cathie expressed wry surprise that his co-Editor should have been 
appointed without any consultation with him (in fact, the two worked very harmoniously from 1954-1963). 
When Ian Cathie retired in| 1963, Richard Dobbs invited me to join him, and this was endorsed by 
Council—a pattern that I presume has been maintained subsequently. 
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Archives 1926-86 


In che early years of the journal there were long 
descriptions of disease with extensive details of 
postmortem examination, including histology. The 
prevalence of common diseases in specific parts of 
citizs was documented carefully. There was very 
litte about the newborn. Papers were often 20 pages 
in kength and ccntained tedious detail in small print 
that few modern readers would tolerate. In recent 
yeers we have published an increasing number of 
papers on the newborn, especially the preterm 
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infant, biochemistry, molecular biology, scanning by 
ultrasound, computersed axial tomography, and 
nuclear magnetic resonance. Advertisements are 
based on the results of clinical trials rather than 
opinions (Figure). 

At first the journal was published quarterly and 
between 1951 and 1373 it appeared every two 
months. The short reports section was introduced in 
1970, and monthly put lication began :n 1973. There 
was a Technical Editor to run the journal on a day to 


>? 
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day basis, prepare material for printers, and 
check proofs before 1952. The names of Tech- 
nical Editors did not appear inside the cover 
until 1973. There have always been two Editors 
of the journal, and apart from the pathologist 
lan Cathie they have been full time paediatricians 
who have carried out their editorial work in 
their spare time. 

The journal was founded and owned initially by 
the British Medical Association. Dr Stephen Lock, 
Editor of the British Medical Journal, negotiated a 
new agreement on behalf of the British Medical 
Association in 1977. The British Medical Associ- 
ation and the British Paediatric Association became 
equal partners sharing the profits or losses of the 
journal with up to 800 free copies being supplied to 
the British Paediatric Association. The agreement 
was slightly altered in 1981 as a consequence of the 
considerable growth in the membership of the 
British Paediatric Association and a new scheme of 
Sharing costs and profits between the two associa- 
tions was introduced, on the basis of other successful 
agreements between the British Medical Association 
and the societies co-owning journals. A group of 


referees who make a particularly large contribution 
to the journal form the Editorial Committee, which 
meets once a year and helps to determine policy. An 
Associate Editor for perinatal medicine was 
appointed in 1985. Financial aspects of the journal 
are the responsibility of the Management Com- 
mittee, which is composed of the two Editors, two 
other representatives of the British Paediatric 
Association, and four representatives of the British 
Medical Association. 

Over the past five years the number of pages has 
increased from about 1000 to 1250. In 1973 there 
were {wo annotations a year, and in 1985 there were 
24 annotations with nine personal practice papers 
and 10 current topic articles. We receive over 800 
original articles and over 1000 new manuscripts each 
year. Original articles are published about five 
months and short reports about three months after 
the receipt of an acceptable manuscript. The num- 
ber of subscribers has remained constant over the 
past five years, although most of the specialist 
journals are experiencing a loss of 5% of subscribers 
each year. About three fifths of our subscribers are 
outside the United Kingdom. 


The following papers have been selected and summarised from the Archives to show the variety of authors, 


changing medical practice, 


1928 

Anaemia in infancy due to iron deficiency has a high 
prevalence. 

MacKay H M M. 


1933 
First description of Kwashiorkor, 
Williams C. 


1939 

Early reports of the effects of sulphonamides. 
Gaisford W F, Morris N, Moncrieff A, and 
Fleming G B. 


The high incidence of spasticity or other cerebral 
defects in infants who were born prematurely. 
Illingworth R S. 


1943 
Observations on infant behaviour. 
Winnicott D W. 


1948 


Fibrocystic disease reported in siblings and 


or the first or best description of a new finding. 


appeared to have high familial incidence, 
MacGregor A R. 


1950 

Rubella seems able to attack optic lens and car- 
diovascular system during embryogenesis. 

St Huggett A. 


1952 

Retrolental fibroplasia found in 56 babies in a 
special care unit during the years 1947-51, suspicion 
falling on the adverse effect of sudden fluctuations 


of available oxygen. 
Jefferson E. 


1954 

Haemolytic disease of the newborn had occurred in 
27 out of 891 children with congenital perceptive 
deafness, selective high tone deafness being the 
main defect. 

Fisch L and Osborne D A. 


1955 
Galactosaemia is recorded for the first time trans- 


mitted as a homozygous recessive gene in the 
offspring of a consanguineous marriage. 
Heizel A and Komrower G M. 


19€1 

First five years of life are critical for diagnosis, 
treatment, and training of children with speech 
defects, 

Sheridan M D. 


1963 

Homocystinuria: a new inborn error of metabolism. 
Cazson N A J, Cusworth D C, Dent C E, 

Fied C M B, Neill D W, and Westall R G. 


1966 

First comprehensive British growth charts, which 
were subsequently used throughout the world for 
growth and development records. 

Tarener J M, Whitehouse R H, and Takaishi M. 


1967 

Sugar malabsorption due to deficiencies of dis- 
acc yaridase activities and of monosaccharide trans- 
port. 

Hoxzel A. 


First description of methylmalonic aciduria causing 
metabolic acidosis. 

Oberholzer V G, Levin B, Burgess E A, and 
Young W F. 


197) 

A chermal neutral environment reduces oxygen 
consumption and evaporative water loss to a mini- 
mum. 

He E M and Katz G. 


19714 

Effect of human growth hormone treatment for 1-7 
yearns on growth of a hundred children. 

Tarner J M, Whitehouse R H, Hughes P C R, and 
Vinze F P. 


1972 

Reral transplantation in 19 children. 

Hulne B, Kenyon J R, Owen K, Snell M, 
Mowbray J F, Porter K A, Starkie § J, Muras H, 
and Peart W S. 


1973 

Criteria for identifying children who may be at 
increased risk of unexpected death. 

Prosestos C D, Carpenter R G, McWeeny P M, and 
Emery J L. 


Changes in ventilator management reduced mortal- 
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ity from hyaline membrane disease and incidence of 
bronchopulmonary dysplasia. 
Herman S and Reynolds E O R. 


1974 

Good correlation between arterial and trans- 
cutaneous oxygen levels in the newborn. 

Huch R, Lubbers D W, and Huch A. 


1975 

Urinary tract in schoclgirls with covert bacteriuria. 
McLachlan M S F, Meller S T, Verrier Jones E R, 
Asscher A W, Fletcher E W L, Mayon-White R T, 
Ledingham J G G, Smith J C, and Johnston H H. 


1976 

Fifteen year developmental study on the effects of 
severe undernutrition during infancy on subsequent 
physical growth and intellectual functioning. 
Stoch M B and Smythe P M. 


Diabetic ketosis treated by adding low dose insulin 
to rehydrating fluid. 
Malleson P N. 


1977 
Increasing breast feeding in the community. 
Sloper K S, Eisden E, and Baum J D. 


1978 

Computed axial tomography and acute neurological 
problems of childhood. 

Day R E, Thompson J L G, and Schut W H. 


Viral infection as a precipitant of wheeze in child- 
ren; combined home and hospital study. 
Mitchell I, Inglish J M, and Simpson H. 


1979 

A clinical comparison of beclomethasone dipro- 
prionate delivered by pressuriséd aerosol and as a 
powder from a rotahaler. 

Edmunds A T, McKenzie S, Tooley M, and 
Godfrey S. 


1980 

Development of gut hormone responses to feeding 
in neonates, 

Lucas A, Bloom S$ R, and Aynsley-Green A. 


Continuous sodium valproate or phenobarbitone in 
the prevention of simple febrile convulsions. Com- 
parison by a double blind trial. 

Ngwane E and Bower B. 


1981 
Cerebral structure and intraventricular haemor- 
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rhage in the neonate; a real time ultrasound study. 1983 

Levene M l, Wigglesworth S, and Dubowitz V. Nuclear magnetic resonance imaging of the brain. 
Bydder G M and Whitelaw A. 

Hyperphenylalaninaemia in the quarter of a million 

neonates tested in a screening programme. 1984 

Walker V, Clayton B |E, Ersser R $, Clinical use of DNA markers linked to the gene for 

Francis D E M, Lilly P, Seakins J W T, Smith I, and Duchenne muscular dystrophy. 


Whiteman PD. Pembrey M E, Davies K E, Winter R M, Elles R G, 
Williamson R, Fazzone T A, and Walker C. 
1985 
Virulence genes in prevention of Haemophilus in- 

1982 fluenzae infections. 

Munchausen syndrome by proxy. Moxon E R. 

Meadow S R. BV 


Dr Philip Evans, editor 1948-54, writes: 


The first article in the Archives was on cirrhosis of the liver in childhood by F J Poynton and W G Wyllie.* In 
it three cases in one family were described, two sisters and a brother. The same patients appeared in about 
1935 in an article in The Quarterly Journal of Medicine, this time on glycogen storage disease (was Von 
Gierke’s paper 19297). The worst affected of the sisters turned up at Guy’s Hospital to have her first and 
probably only baby in about |1950. She was a short stumpy figure with a huge hard liver, cheery and full of 
energy, which she attributed ito physical training at school. The baby boy was unaffected. She was followed 
up by Edward W Holling who eventually published a paper about her. 


*The article is reviewed by A P Mowat on page 941. 
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Editors of the Archives 


Hugh Thursfield and Reginald Miller 1926-33 
Caarles Harris and Alan Moncrieff 1934-38 
A.an Moncrieff and Richard Ellis 1939-45 
R chard Ellis 1946-47 
R chard Ellis and Philip Evans 1948-49 
Philip Evans and Ian Cathie 1950-54 
lan Cathie and Richard Dobbs 1954-63 
R chard Dobbs and Douglas Gairdner 1964-69 
Douglas Gairdner and Roger Robinson 1969-79 
Roger Robinson and Roy Meadow 1979-82 
Roy Meadow and Bernard Valman 1982- 


Hagh Thursfield (1869-1944) 


From Trinity College, Oxford, where he took a First 
in Mods he went to St Bartholomew's Hospital and 
became a member of the staff. He was demonstrator 
of Morbid Anatomy for many years and published a 
pepular book ‘Medical Morbid Anatomy and 
Pithology’. Promotion at Bart's was apt to be slow 
and he was still an Assistant Physician in charge of 
the Children’s Department when he retired. All his 
lif he was a student of the Classics. To him the 
O-lyssey was the finest story in the world and one 
that a wise man should read most nights for a while 
before going to bed. He played a major part in the 
production of a great paediatric textbook by Gar- 
rod. Batten, and Thursfield. Anyone in search of 
in‘ormation would find that he could generally 
supply the answer, whether it concerned the signs of 
the Zodiac or the dates of all the editions of the 
Eacyclopaedia Britannica. A bachelor, he had a 
great knowledge of food and how to serve it, and he 
wes a fine judge of claret. 


Reginald Miller (1879-1948) 


He was appointed as a General Physician to St 
Mary's Hospital. London, although most of his 
paediatric work was done at the Paddington Green 
Children’s Hospital. He wrote articles on coeliac 
disease and various forms of vomiting, but his 
special interest was in rheumatic diseases of child- 
hcod and he was the first in this country to establish 
a supervisory clinic for rheumatic children. As a 
ycung man, too young perhaps, he published a text 
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Reeinald Miller 


book “The Medical Diseases of Children’. The 
reviewers deplored the lack of personal observation 
and he took their criticism to heart and refused a 
request for a second edition. He attended very few 
meetings of the British Paediatric Association and at 
committee meetings he generally kept silent. When 
he did speak, his carefully chosen cemments or 
criticisms could be devastating. He was a master of 
words who wrote little and a wit who preferred to be 
alone, 


Sir Charles Harris (1900-1974) 


He was born in New York, spent his childhood in 
Australia, and qualified at St Bartholomew's Hos- 
pital. After a period at John Hopkins Medical 
School. Baltimore, he was appointed Assistant Phys- 
ician at Bart’s in 1928. The department at that time 
was represented only in outpatients; children who 
were inpatients were cared for by the general 
physicians. After a struggle a separate children’s 
department with its own ward was achieved within a 
year. In addition he was Physician to the Westmins- 





ter Hospital for Children and Consultant Paedhatri- 
clan to the London County Council. Harris was 
President of the British Paediatric Association in 
1962. 

He was a brilliant administrator and over 25 years 
ascended from Warden of the Medical College to 
Vice-Chancellor of London University. He held 
himself rather aloof and seemed to enjoy his ability 
to keep people guessing about his true beliefs. This 
could be carried to the extreme by opposing what he 
really wanted in the first round of a discussion. 


Sir Charles Harris 


Sir Alan Moncrieff (1901-1971) 


After various posts at the Middlesex Hospital and 
the Hospital for Sick Children, Great Ormond 
Street, between 1922 and 1934 he was appointed to 
the staff of both hospitals. In 1924 he had worked in 
Paris in the Health Division of the League of Red 
Cross Societies and in 1930 he studied in Germany 





Sir Alan Moncrieff 


= 


special interest was respiratory failure, including 
asphyxia in the newborn. He was also Paediatrician 
to Queen Charlotte’s Maternity Hospital and Ham- 
mersmuth Hospital and a part time School Medical 
Officer to the London County Council. 

He was auther of ‘Child Health and the State’ in 
1953, Editor and part author of “Text Book on the 
Nuvsing and Diseases of Sick Children’, and joint 
Ed tor of ‘Diseases of Children’. He wrote a hand 
book for The Practitioner on child health and was 
medical correspondent to The Times. 

Fhis would have been enough to occupy most 
mei, but Moncrieff, with his capacity for concentra- 
tiom and genius for organising his working day. 
found time for many other activities. As a Justice of 
the Peace he worked in the Juvenile Courts in 
Loadon and became chairman of many committees, 
inc uding the Central Midwives’ Board and the 
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When the Institute of Child Healta was founded 
at Great Ormond Street in 1946 Moncrieff was 
appointed to the first Nuffield Chair of Child 


part of the Institute ard established the Department 
of Growth and Development and the UNICEF 
Department of Tropical Medicine. 

Moncrieff was the first holder of the James 
Spence Medal and was Honorary Secretary and later 
President of the Brit sh Paediatric Association. 


Richard Ellis (1902-1966) 


After two years at the Boston Children’s Hospital 
where he was known as The English Doctor by his 
ruddy cheeked round face adorned with side whis- 
kers he became Assistant Physician at Guy's with 
Hector Cameron. The Infant and Child Welfare 
Centre in the precine’s of the hospital department 
introduced him to community child health, His spirit 
of service carried him with the Society of Friends to 
the Spanish Civil War where he arranged for the 
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evacuation of 4000 Basque children te Britain. In 
1939 he was in Romania and Hungary caring for 
Polish refugees. He earned distinctons in the 
second world war through his long service in the 
RAF but also managed to find time to edit the 
Archives and to study the incidence of vitamin 
deficiencies in children and the natural history of the 
skeletal changes in early rickets. 

In 1946 he became Professor of Child Life and 
Health in Edinburgh and the following year pub- 
lished “Child Health and Development’, which 
expressed his views on trying to improve child health 
gradually, emphasising the social, economic, and 
cultural aspects. This broad interest in child health 
contrasts with his earlier attraction to che rare and 
obtruse. 

In “Diseases in Infancy and Childhood’ and 
‘Health in Childhood’ he showed the undergraduate 
and family doctor how to prevent and manage 
diseases and what statutory and voluntary social 
services existed. He was President of the BPA in 
1965-66, but ill health prevented him from carrying 
out his duties. 





Philip Evans 


Philip Evans 


After graduating at Manchester University he be- 
came a Rockefeller Research Fellow at the Pres- 
byterian Hospital, New York. The following year he 
became Director of the outpatient clinics at John 
Hopkins Hospital. Between 1939 and 1946 he was 
Assistant Physician at King’s College Hospital and 
was then appointed Director of the Department of 
Paediatrics at Guy’s Hospital and Physician at the 
Hospital for Sick Children, Great Ormond Street. 
In addition to his busy clinical practice he was 
Honorary Secretary to the British Paediatric As- 
sociation, Censor of the Royal College of Physicians, 
and Director of the British Tay Sachs Foundation. 
In 1967-68 he won the admiration of paediatricians 
throughout the world as Director of the first British 
medical team in Saigon, which was ravaged by 
war. 

His first research interests were in rheumatic fever 
and later pink disease followed by cerebral palsy. In 
1948, meditating on the shore of Lake Zurich, he 
decided to concentrate on congenital disorders but 
he maintained his interest in general paediatrics and 
his name came to mind first when a paediatrician 
sought help with his own sick child. 

He published ‘Infant Feeding and Feeding Diffi- 
culties’ with RC MacKeith and was the Joint Editor 
of the 1953 edition of Garrod, Batten, and Thurs- 
field’s ‘Diseases of Children’. By 1978 he had 
published more than 55 original articles and 130 
reviews and invited articles, including a series of 
‘Letters from London’ in the American Journal of 
Diseases of Children. 

He lives in retirement 
London. 


in St John’s Wood, 


Ian Cathie 


fan Cathie qualified at Guy's Hospital in 1932 and 
four years later was appointed Pathologist to the 
Christie Hospital and Holt Radium Institute in 
Manchester. In 1938 he was appointed Clinical 
Pathologist at The Hospital for Sick Children, Great 
Ormond Street, and remained there until he retired 
in 1958. His research interests included penicillin, 
when the ration for the whole hospital was 1 gram 
per month, and later streptomycin. Between 1950 
and 1960 his laboratory was an international centre 
for the serological diagnosis of toxoplasmosis. He 
also published papers on haematology, bacteri- 
ology, and fibrinolysin. 

He retired to Moreton-in-Marsh where he 
has been trying to breed homozygous Hereford 
bulls. 


lan Cathie 


Richard Dobbs (1905-1986) 


Woule a medical student at The London Hospital he 
persuaded the Dean to allow him to go for a year of 
his clinical course to Vienna, which was then living 
largely on its reputation obtained before the first 
werld war. He spent some time at The Children’s 
Hospital, St Louis, and was then appointed to the 
th-ee hospitals in which he was to work for the next 
30 years—The London Hospital, The Queen 
Ebzabeth Hospital for Children. Hackney. and 
Scuthend General Hospital. He was President of the 
British Paediatric Association in 1970. 
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When a boy of 10 he had severe nephrotic 
syndrome and Sir Frederick Sul was called in. who 
asked him what he intended to be wren he grew up. 
and Richard replied `] want to be a children’s doctor 
Hke you. Sir’. Their rext meeting occurred some 15 
vears later when Sull examined him for the MRCP 
and was able to recall their earlier conversation, 

In middle age he took up sailing and despite 
minimal experience sailed his 45 foot Natasha in 
ocean races, After his formal retirement he spent six 
months with the Cerenfell Mission m Labrador 
before going to Niger a as Professor of Paediatrics at 
Ahmadu Bello University, Zaria. 





Richard Dobbs 


Douglas Gairdner 


Douglas Gairdner is still living in Cambridge where 
he worked as Consultant Paediatrician between 
1948 and 1975. He went up to Oxford to read 
Chemistry but then changed to Medicine. After 
qualifying at the Middlesex Hospital and a two year 
past of Outpatient Registrar at Great Ormond 
Street he became a Fellow in Paediatrics at the 
Bellevue Hospital, New York, during 1939. During 
the war he served in the Royal Army Medica! 


984 Valman 

Corps. mainly in the Middle East, and then became 
First Assistant to Professor James Spence in New- 
castle for three years. 

His Doctor of Medicine thesis was on Henoch- 
schonlein syndrome and his other research interests 
have included the nephrotic syndrome. blood 
formation in infancy, the pathogenesis and manage- 
ment of hyaline membrane disease, and the natural 
history of adipose cell development in children. “The 
Fate of the Foreskin’ written with Spence’s en- 
couragement remains a model of perceptive and 
pungent writing on the frontier of fact and fashion. 
Gairdner was the James Spence Medallist in 1976. 
He was Editor of the first four cditions of “Recent 
Advances in Paediatrics’ and he still maintains his 
(win interests in sailing and writing by editing the 
Cruising Association’s bulletin. 





Douglas Gairdner 


Roger Robinson 


After Balliol College and the Radcliffe Infirmary in 
Oxford. he went to Hammersmith Hospital. He 
became Research Fellow in Boston and visiting 
Lecturer in Kentucky. Robinson returned to be- 
come Senior Lecturer at Hammersmith Hospital 
and then Consultant Paediatrician and four years 


ad 





Roger Robinson 


later the first Professor of Paediatrics at Guy's 
Hospital, He has kept a strong foot in general 
paediatrics as well as being a paediatric neurologist 
with special interests in language disorders, 
epilepsy, and the newborn. His earlier research was 
on carbohydrate metabolism and most of his later 
articles have been on neurology. He edited two 
books. ‘Brain and Early Behaviour’ and ‘Congenital 
Malformations’. The general reader will remember 
him by his outstanding wisdom and clarity of 
thought in his leading articles in the Archives and 
British Medical Journal. ‘The Whooping Cough 
Immunisation Controversy’, ‘Research Involving 
Children: Ethics, the Law and the Climate of 
Opinion’, and ‘The Child Who is Slow to Talk’ are 
superb examples of the quality of his style. 
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1926—A year to remember 


The politburo expels Leon Trotsky and Grigori 
Zmoviev;, Josef Stalin is established as dictator of 
the Soviet Union. 

Chiang Kai Shek succeeds Sun Yan-Sen as leader 
of the Chinese Revolutionary Party. 

Chancellor of the Exchequer Winston Churchill 
returns Britain to gold standard. Export industries 
such as coal come under severe pressure and private 
mane owners attempt to cut wages for miners; the 
general strike results. 

United States troops land in Nicaragua ‘to pre- 
serve order and to protect US interests’. 

Adoption of children is legalised in England. A 
gevernment Act allows legitimisation of children 
born out of wedlock providing parents subsequently 
marry. 


New books 


sistery of England by G M Trevelyan. 
Lictionary of Modern English Usage by H W 
Fowler. 

Seven Pillars of Wisdom by T E Lawrence. 
Winnie the Pooh by A A Milne. 

Archives of Disease in Childhood by Thursfield and 
Miller. 

La Fin de Chéri by Collette. 

Ideal Marriage by T H Van de Velde. 


First performances 


Symphony No 7 in C major, Sibelius. 
Symphony No 1, Shostakovich. 

The Desert Song, Romberg and Hammerstein. 
The Plough and the Starts, Sean O'Casey. 
The Constant Wife, Somerset Maughan. 


First showings 
Lover's Bouguet, Chagall. 


Several Circles, Kadinsky. 
Draped Rechning Figure, Henry Moore. 


John L Baird successfully shows television using 
mechanical scanning disc. 
R H Goddard launches the first liquid fuelled rocket 
trom a field in Massachusetts. Although it reaches a 
height of only 41 feet, he is convinced that one day. 
rockets will land men on the moon. 
Charles Lindbergh flies the first scheduled mai 
flight, between St Louis and Chicago. 
The Schneider Trophy air race is won by Italy with é 
speed of 256 mph. 
The new model T Ford car with a self starter costs 
$350. 
The first motion picture with sound is shown, 


The Nobel Prize for Literature is presented tc 
George Bernard Shaw. 


A daughter (Elizabeth Alexandra Mary, later to be 
Queen Elizabeth H) is born to the Duchess of York 
on 21 April. 


H D Lee Company in Kansas introduce blue jeans. 
Slide fasteners are called zippers for the first time bY 
novelist Gilbert Frankau: ‘zip it’s open, zip it’s 


y 
a 


closed 


Al Capone's Chicago headquarters are sprayed with 
machine gun fire during prohibition. 
Flavoured yoghurt is produced in France. 


Oral liver extract is introduced to treat pernicious 
anaemia. 

Sunlight is shown to convert ergosterol into vita- 
min D. 

Thyroxine is synthesised for the first time. 


Oil is discovered in Iraq. 


Gene Tunney wins World Heavyweight Boxing 
Championships from Jack Dempsey. 


Harry Houdini remains under water for 91 minutes 
in an air tight case containing enough air for five 
minutes. He died three months later from periton:- 
tis. 
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Gur referees 


Sabmitted manuscripts are initially seen by the Editors who then send them to one or two expert referees for 
their assessment. Last year the following people kindly reviewed papers for our Journal. We thank them anc 
a- the same time thank the many hundreds of referees who have assessed papers for us in the previous 6G 
y2zars of our Journal’s history. Their expertise and the time so generously given has been a major factor ir 
maintaining high standards. 
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A children’s ward at St James's Hospital. Leeds. in the TOS (lop} and. below, a corner of a children’s ward in the same hospital in 1980, 
(The giri on the left playing with a computer/video game has partial alopecia from cytotoxic therapy and the colourcd siri to her meht js 
attached to that standard appendage of the P9808 an intravenous hne and infusion set.) 
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Why do so many small infants develop én inguinal 
hernia? 

T G POWELL, J A HALLOWS, R W I COOKE, AND P O D PHAROAH 
Departments of Community Health and Child Health, University of Liverpool 


SUMMARY Prevalence and incidence of inguinal hernia in a representative sample of low 
birzhweight survivors were determined by tracing children at 3 yeazs of age. Prevalence was 
exemined in relation to perinatal factors recorded in hospital case notes, using a logistic 
regression model to allow for confounding variables. 

Of the 1074 two year survivors, 995 (93%) were assessed. Seventeen per cent of 497 boys and 
2% of 498 girls had a hernia by 3 years of age, a total cumulative prevalence of 9-2%: it was 
significantly increased by lower birth weight, male sex, neonatal intravenous feeding, and lack of 
respiratory disease. Neonatal illnesses were otherwise not associated with herniation, and most 
infants were well when they presented. Peak incidence was at the expected full term of gestation. 
Biateral hernias were increasingly more common than unilateral hernias at lower gestational. 
ages. 

It is proposed that causes of increased abdominal pressure in healthy neonates are important 


cases of herniation during a critical period of inguinal development. 


Inguinal hernia is the commonest indication for 
surgery in childhood, with a peak incidence in the 
first months of life.’ Little is known about its 
ae“iology, and its prevalence is not known, owing to 
the difficulties in tracing a large unbiased popula- 
tian. 

Low birthweight infants have a higher prevalence 
of inguinal hernia in early childhood than other 
intants.* We investigated the incidence, prevalence, 
and clinical features of inguinal hernia in a large 
representative sample of low birthweight infants to 
give an indication of the surgical workload associ- 
at2d with increasing survival of low birthweight 
in-ants. 

Low birthweight infants suffer far more perinatal 
illness than do other infants, but it is not known 
wether this accounts for their increased suscepti- 
bality to herniation. We used the data afforded by 
their close observation after birth to investigate 
waich factors might be implicated in the aetiology of 
imguinal hernia in childhood. 


Patients and methods 
The sample comprised survivors of birth weight 


=2000 g born in 1979, 1980, and 1981 to residents of 
fwe health districts in Merseyside. It was derived 


from searches of birtn notifications and admission- 
registers of local maternity hospitals. Survivors were- 
traced and, where possible, assessed in their homes. 
Presentation of inguinal hernia by 3 years of age was 
ascertained by history and examination and was 
verified by examining hospital follow up records. 
Questionnaires were sent to the parents and 
guardians of childrer. who could not be visited at 
home. 

Perinatal data were gathered from the case 
records of each hospital that cared for each mother 
and infant. Gestatioral age was recorded according 
to neonatal assessment if obstetric assessment waz 
uncertain. Centiles of birth weight according tc 
gestational age were derived from recent data. 
Hypertension in pregnancy was defined as recordec 
maternal diastolic blood pressure af more than %- 
mm Hg. Mechanical ventilation was defined a- 
support with continuous positive airways pressure o7 
intermittent positive pressure ventilation for a 
minimum of 12 hours. Respiratory disease was 
defined as treatment with oxygen or mechanica 
ventilation, or both, for more than 24 hours, startins 
in the first week of life. Intravenous feeding wa _ 
defined as the continuous use of intravenous amino 
acids for more than 24 hours during the neonatal 
neriod. 
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The SPSS-X* and GLIM? packages were used to 
analyse the data and check) the accuracy of their 
collection. Confidence intervals were calculated 
using a continuity correction! and y? tests for trends 
were calculated according to standard methods.® 
Variables were tested separately for degree and 
significance of association with inguinal hernia by 
tests appropriate for the typejof variable: those used 
were the x? with Yates’s correction for 2x2 tables, 
the Mann-Whitney, and Student’s unpaired ż test. 

Variables were tested for independent association 
with inguinal hernia if they were associated with it 
according to the univariate analyses (p about 0-1 or 
less). For this purpose a logistic regression model 
with presence and absence of inguinal hernia as the 
independent variable was used. The model allowed 
for the confounding effects of sex and birth weight, 
which were strongly associated with inguinal hernia 
according to the univariate analyses; it was decided 
to allow for birth weight rather than gestational age 
because its association with inguinal hernia was the 
stronger, their effects not being significantly addi- 
tive. Different sequences and' combinations of vari- 
ables were tested to achieve the best model for 
estimating the probability off a hernia. Only vari- 
ables that significantly improved the fit were in- 
cluded in this final model; thus these variables were 
significantly and independently associated with pre- 
valence of inguinal hernia (p<0-05). 


Results 


The sample. Of 1420 liveborn infants, 1074 survived 
to 2 years. Occurrence of inguinal hernia by 3 years 
was ascertained for 995 93% the survivors, who 
form the sample. Children for whom there was 


insufficient information did not differ significantly 
from the sample in terms of birth weight, gestational 
age, sex, or neonatal illness. 


Prevalence by sex, birth weight, and gestational age. 
(Table 1) Inguinal herniotomy was performed in 
9-2% (95% confidence interval=7-6-11-3%) of the 
995 survivors by 3 years and was twice as common as 
any other surgical procedure. There were no un- 
operated hernias. Prevalence increased significantly 
with decreasing birth weight or gestational age, but 
their effects were not significantly additive. Small 
for dates infants were not more likely to have a 
hernia than other infants. Boys had a higher 
prevalence of hernia than girls in every birth weight 
and gestational age group, with an overall relative 
risk of 9-2 to 1. Prevalence increased significantly 
with decreasing gestational age in both sexes. 


Clinical features. Of 89 children for whom laterality 
was confirmed, 32 (36%) had a right sided and 15 
(17%) had a left sided unilateral inguinal hernia. 
The 41 children (46%) with bilateral herniation 
included five who had had unilateral herniotomy 
with subsequent contralateral presentation. Bilat- 
eral hernias were increasingly more common than 
unilateral hernias at lower birth weights or gesta- 
tional ages (Table 2). 

Incidence peaked in the second month after birth 
(Table 3). Adjustment for the gestational age of 
each infant gives a peak incidence around the time 
of full term of gestation. Children with bilateral 
hernias presented earlier in relation to full term of 
gestation than did children with a unilateral hernia 
(p=0-018). 

Eighty five per cent of the infants of birth weight 


Table 1 Numbers of children and H of inguinal hernia (%) by 3 years of age, by sex, birth weight, 





and gestational age 
Birth weight (g) All birth weights 
(% with hernia) 
501-1000 1061-1250 i251-13500 1501-1750 1751-2000 m f 
m f m f m f m f m f 
Gestation (weeks) 
25-27 5 13 7 3 50 6 
28-30 8 12 30 23 29 29 13 7 1 4 21 4 
31-33 4 1 14 8 31 34 48 41 72 53 17 2 
4-36 2 I 5 6 I7 19 3 # 108 108 14 I 
> 36 i i i 4 i7 z3 45 59 i2 I 
% With hernia: 
Male 37 z3 21 17 12 17 5 
Fomale 4 5 i 3 9 2 
Both sexes 174 15-3 10-4 id-1 6-2 
(95% Confidence 
interval) (8-32) _ | (924) . (6-16) (7-15) (4-9) 


m«Male, f= female. : 
Trend with gestational age: in maks. p=0-009; in females. p=0-036. — 
Trend with birth weight: in males, p=0-001; in females, p=0-066. 
*Sex difference: p<0-001. 


Why do so many small infants develop an inguinal hernia? 993 


Table 2. Ratios of unilateral to bilateral hernias 


{a} Awcording to gestational age 





ernea 


Gestational age {weeks} 

Rie eres DR~ 3H 3e Th Ses > 3h 
Lindisteral 3 3 i6 1s 4 
Bilateral 3 13 id x | 
Not cnown 1 ] ł 





‘a For tresd=t 84, p05. 


(b) According to birth weight 


EE T NRRL NC ANON NTN EN AeA 


Herma Birth weight (2) 

S077) POOT-1250 F28)-7300 1501-1750 1751-2000 
Unisteral 2 ; 5 14 20 
Bilateral 5 i 9 9 7 
Nat Known Í - j i 


remia AHIR NAAR AMER RA EH 


y7 For uend= 10-99. p<0-001, 


Table 3 No of children presenting with inguinal hernia* 
up o 3 vears of age according to month after birth or after 
fuliterm 

DE at acest Se cele sma ce earl tee 


Alonth 


amare en eee AAN AAAA LEE RHEE A AA A EEA PAA aA a AE RASH aaaea aeaye eaaeo aaeeea e 


No 7 OY 235 7 cde SF 3 Sih Kb 
Cumulative “o RO 7G JR St Sd ST ES. 
After full termt: 

Nio | 


Ge 25 25 ķĀ å } 2 H 2 1 RA 
eS 


€.amulative o £ & 37 66 7S R4 8S RF FOO 





*Fer non-concurrent bilateral hernia. time of presentation of first hernia. 
+Manth after birth corrected for gestational age in each case. 


> 1500 g who developed a hernia presented after 
discharge home from neonatal care compared with 
only 40% of those of birth weight <I500 g 
(p<0-001). This is because most of the larger infants 
were discharged home before the age of peak 
incidence of herniation. 

Initial presentation was invariably with a lump in 
the groin, often first noticed by parents and di- 
agmnosed by health visitors in the weeks after 
discharge from neonatal care. Two children pre- 
sented during whooping cough infection. Diagnosis 
usually led to early surgery, but there was a delay of 
several months in four children who were at home. 
Six children had emergency herniotomy for irreduc- 
ible incarceration, but we could not determine 
accurately how many other children developed 
imcarceration. 

Immediate post-surgical complications in 86 chil- 
d-en included one case each of testicular infarction, 
scrotal abscess, and groin abscess. Five (5%) of the 
children had an ipsilateral recurrent hernia. 

Prevalence of inguinal hernia was not significantly 


Associations of perinatal factors with inguinal her- 
nia. Factors not significantly associated with hernia 
in the univariate analysis included maternal age, 
marital state, social elass, smoking. anaemia in 
pregnancy, antepartum haemorrhage. induction of 
labour, prolonged rupture of membranes, duration 
of labour, breech delivery, forceps delivery, mul- 
tiple birth, birth order, hospital of birth, infant 
bruising, hypoglycaemia, malformation, duration of 
treatment with oxygen, pneumothorax, bacter- 
aemia, fits, apnoeic attacks, and peak bilirubin 
concentration. 

Some factors were associated with inguinal hernia 
by virtue of their association with birth weight: they 
were associated with hernia in the univariate analy- 
sis but not when allowing for birth weight in the 
regression analysis. They included gestational age, 
Apgar score at one minute, intubation at birth, day 
of full enteral feeding, duration of mechanical 
ventilation, treatment with theophylline, anti- 
biotics, or indomethacin, necrotising enterocolitis, 
phototherapy. persistent ductus arteriosus, and intra- 
ventricular haemorrhage. 

The best predictive model gave a risk of hernia 
that was inversely related to birth weight, with 
increased log odds according to sex tmale:female= 
11-5:1), intravenous feeding (yes:no=3-1:1), and 
absence of respiratery disease (absent:present= 
2-4:1) (p<0-05 in each case). Although hyper- 
tension in pregnancy, a low Apgar score at five 
minutes, and hypothermia on admission to the 
neonatal unit were associated with increased 
prevalence of hernia when allowing for birth weight 
and sex (p<0-1), their effects on this final model 
were not significant. 

The best models for predicting unilateral and 
bilateral inguinal hernias differed: birth weight was 
predictive only of bilateral hernias, while maternal 
hypertension (which included pre-eclampsia) was 
predictive of unilateral hernia. Mechanical respira- 
tory support was mot associated with increasec 
prevalence of hernia but was predictive of bilatera: 
rather than unilatera! hernia when considering only 
those infants who did develop a hernia. 


Discussion 


The prevalence of inguinal hernia in children ane 
adults is not known, but repair of inguinal hernia ts 
the commonest operation performed by general 
surgeons on children! and men.’ It is by far the 
commonest operation performed on low birthweight 


infants in early childhood. 
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Many hospitals have reported a high incidence of 
inguinal hernia in low birthweight survivors? after a 
report that 11 of 37 infants of birth weight <1000 g 
developed an inguinal hernia.” The prevalence of 
inguinal hernia by 6 months of age is significantly 
higher in infants born before 37 weeks’ gestation 
than in full term infants.” Our data confirm that 
prevalence of inguinal hernia, in particular of 
bilateral hernias, increases with lower birth weight 
or lower gestational age. Numbers with bilateral 
hernias may have been overestimated owing to 
contralateral exploration in cases of left sided 
hernia, but others have also reported that bilateral 
hernias are common in preterm infants?! n 

Prevalence of inguinal hernia was similar among 
the 223 twins and the singletons in the sample. 
The reported higher prevalence in twins than 
singletons’ did not allow for birth weight, but the 
mean of the reported birth weights for twins was less 
than 2500 g. 

Inguinal hernia is hazardous in infancy, when the 
rate of incarceration may be over 25% :'° |! it is the 
commonest cause of intestinal obstruction between 
1 week and 4 months.’ Testicular infarction is more 
common after emergency surgery.'' + Rates of 
recurrence of hernia in children are higher after 
bilateral herniotomy and emergency surgery,'' and 
our data suggest that recurrence is common in low 
birthweight infants. Postoperative pulmonary com- 
plications and episodes of apnoea are common in 
preterm infants.'> We found few serious sequelae of 
inguinal hernia, but this is a tribute to standards of 
care rather than a cause for complacency. 

The dilemma of whether to explore the other side 
of the unilateral hernia in infants'® may be relevant 
to low birthweight infants in particular. Bilaterality 
increases with lower birth weight or gestational age, 
especially in infants who are ventilated mechan- 
ically. 

The aetiology of inguinal hernia must relate to a 
defect in the abdominal wall and a force sufficient to 
propel viscera through it. Clearly, a lesser force is 
necessary with a larger or more distensible defect. 


The nature of the defect in adults is 
controversial,” but herniation in infants is through 


the processus vaginalis.’ This peritoneal pouch 


descends in the eighth or ninth month of gestation 
into the scrotum ahead of the testis or into the 
labium. It usually closes and atrophies some time 
after birth, although postmortem studies have 
shown a persistent processus vaginalis in 80-94% of 
neonates, 57% of 1 year olds and 15-37% of adults. ! 
Herniography has shown a contralateral persistent 
processus in 63% of infants with unilateral hernia 
before 2 months, declining to about 40% at 2 years and 
beyond, of which a high proportion develop a hernia 


on the side of the persistent processus some time in 
life.'° The role of the processus vaginalis in deter- 
mining herniation at any age is not clear, however. 
because there is no available non-invasive technique 
for its prospective study in those without a demon- 
strable hernia. The low relative risk of inguinal 
hernia in very preterm girls implies that a persistent 
processus vaginalis is not the sole anatomical factor 
that determines herniation. Similarly, congenital 
anomalies and increased abdominal pressure do not 
increase frequency of patency of the processus but 
are associated with increased frequency of bilateral 
hernias." 

The inguinal canal is very short in infancy, and the 
external ring is almost directly over the internal 
ring,’ which presumably facilitates testicular de- 
scent. Failure of testicular descent, and thus orchi- 
dopexy, is associated with inguinal hernia.! The 
right testis descends later than the left testis: 
inguinal hernia is commoner on the right than the 
left side. In very preterm infants neither testis is 
fully descended at birth: bilateral hernias are 
increasingly common with lower gestational age. 
This suggests that inguinal hernia results from birth 
during a critical period when developing inguinal 
anatomy facilitates herniation on both sides. The 
peak age at presentation by the expected full term of 
gestation is consistent with this hypothesis, as is the 
earlier presentation of bilateral compared with 
unilateral hernias in relation to full term of 
gestation. 

Most preterm infants, however, do not get a 
hernia, so that non-anatomical factors may be 
important in determining which ones do. Other data 
also suggest that respiratory disease and treatment 
do not increase susceptibility to herniation: 8-2% of 
73 ventilated infants of birth weight <1501 g who 
survived to 24 months of age developed a hernia!” 
compared with 8-7% of 172 unselected survivors of 
similar birth weight who developed a hernia by 6 
months of age. 

A relation with growth retardation was not 
apparent within the low birthweight range, although 
low birthweight infants born at full term had a high 
prevalence of inguinal hernia. There was no evi- 
dence that prenatal factors were important determi- 
nants of bilateral hernias when allowing for birth 
weight and sex, although maternal hypertension 
seemed to increase susceptibility to unilateral 
hernia. 

Intravenous feeding was routine in sick neonates 
and may have been a marker for a factor not 
included in the analysis, such as weight loss or 
abdominal distension. Neonates with conditions 
associated with abdominal destension have an in- 
creased incidence of inguinal hernia.” 1 Necrotis- 
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ing enterocolitis was diagnosed in 31 infants, seven 
of whom developed a hernia. This proportion was 
higher than for infants without necrotising enteroco- 
litiz by univariate analysis (p=0-02). Necrotising 
enterocolitis did not contribute to prediction of 
inguinal hernia when allowing for other variables, 
bu- this may have been due to the fairly small 
number of children who had necrotising entero- 
colitis. 

Other than the relation with intravenous feeding, 
there were no significant relations between neonatal 
illresses and inguinal hernia, and most infants were 
healthy at presentation. Precipitation of an inguinal 
heznia must relate to increased abdominal pressure 
and occurs in the absence of respiratory or other 
diszase in most infants. It is conceivable that the 
large volumes of milk given to healthy underweight 
infants contribute to herniation (most receive an 
ad.lt equivalent for weight of more than three 
galons a day). Enteral feeding, vigour, and healthy 
lungs may precipitate herniation in immature in- 
famts, in whom inguinal anatomy is designed for 
testicular descent in the calm of life in utero. 

The incidence of inguinal hernia i in all children is 
highest in the neonatal period.’ If preterm infants 
develop a hernia because they are born before 
inguinal development is normally complete other 
infants may do so because their inguinal develop- 
ment is abnormally incomplete at full term, whether 
governed by genetic or other factors. 


We are grateful to Mr R E Cudmore for advice given during the 
preparation of this work. 

This study was supported by a grant from the Department of 
Health and Social Security. 
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Intrauterine supraventricular tachyarrhythmias and 
transplacental digitalisation 


M NAGASHIMA, T ASAI, |C SUZUKI, M MATSUSHIMA, AND A OGAWA 


Department of Pediatrics, eee University, School of Medicine, and Department of Pediatric Cardiology, 
Chukyou Hospital, Nagoya, == 


SUMMARY Six newborn TA with intrauterine supraventricular tachyarrhythmias (five cases 
of atrial flutter and one! of supraventricular tachycardia) are described. Transplacental 
digitalisation was tempted three cases. Supraventricular tachycardia associated with hydrops 
fetalis, detected in a fetus at a gestation of 31 weeks, was successfully converted to normal sinus 
rhythm eight days after the| mother began treatment with digoxin. The serum concentration of 
digoxin in cord blood almost equalled the maternal concentration in three cases. 

In the remaining three cages treatment with digitalis was effective in converting tachyarrthmias 
to sinus rhythm after delivery. 

With maintenance digoxin therapy, the prognosis of fetal tachyarrhythmias seems to be good, 
once conversion to sinus mythm has been accomplished. 


| 


Fetal tachyarrhythmias have been cited as possible 
causes of non-immune hydropsifetalis and intrauter- 
ine ‘fetal death.’ Transabdominal fetal electrocar- 
- diography is fraught with difficulty and therefore of 
limited value in the analysis of fetal cardiac arrhyth- 
ias. On the other hand, fetal neering is a 
non-invasive means of not only diagnosing fetal 
cardiac structural anomalies Py rhythm disturb- 
ances but also detecting associated congestive heart 
failure in utero. | 

A number of authors have reported success with 
transplacental pharmacological treatment to convert 
intrauterine supraventricular tachyarrhythmias to a 
normal sinus rhythm.* °"* In such cases fetal echo- 
cardiography is a useful tool for serial monitoring of 
cardiac rhythm and evaluation of antiarrhythmic 
treatment. 

There have been only a few reports on fetal 


Table 1 Clinical findings of the six cases 


tachyarrhythmias and transplacental pharmacologi- 
cal treatment in several cases. >17 This report 
describes the clinical course of six newborns with 
intrauterine supraventricular tachyarrhythmias and, 
in three cases, the results of transplacental digitalisa- 
tion. 


Patients and methods 


Between 1977 and 1985 six newborn infants with 
intrauterine supraventricular tachyarrhythmias were 
admitted to our hospitals and were given anti- 
arrhythmic treatment (Table 1). 

In three cases, after the obstetricians had detected 
fetal tachycardia, fetal echocardiography was per- 
formed, and the mothers received antiarrhythmic 
agents. 

Fetal echocardiography was performed trans- 


Case Sex Gesigtional age Fetal heart rate Tachyarrythmias Congestive 

No on ition (weeks) (beats/min) heart failure 

i M 3 T hours antepartum) 180-200 Atrial flutter (+) 

2 M 40 (two bours antepartum) 200 Atrial flutter (+) 

3 M 38 (intrapartum) 210 Atrial flutter (+) 

4 M 240 Atrial futter Hydropa fetalls 
5 M 41 (one day antepartum) 80-200 Atrial flutter (~) 

6 F T Supraventricular tachycardia Hydrops fetalis 
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abdominally with a 5 MHz linear transducer. An M 
mode study was performed to evaluate disturbances 
in cardiac rhythm after two dimensional echocar- 
didgraphic analysis of the cardiac structures— 
cardiac chambers, interventricular and interatrial 
seta, and atrioventricular and semilunar valves, 
which could be readily obtained. 

The P wave of the surface electrocardiogram 
represented A wave of the fetal atrioventricular 
valves, and the QRS wave complex was shown as 
atrioventricular closure or semilunar valve opening. 
The cardiac phases could be presumed by motion of 
the cardiac walls or valves. 

‘The diagnosis of the fetal arrhythmias was made 
mainly by the motion of these cardiac structures. 

Five of the six newborn infants were boys, and all 
w2re full term (38-41 weeks’ gestation). 


Results 


Ir four cases the fetal tachyarrhythmia was first 
recognised shortly before birth or during delivery. 

In case 2 fetal tachycardia with a heart rate of 200 
beats/minute was first noted at 40 weeks’ gestation. 
Ir: the belief that the fetus was distressed the 
obstetrician performed caesarean section. An elec- 


trocardiogram recorded immediately after birth 
showed atrial flutter with 2:1 atrioventricular con- 
duction. l 

In case 5 a fetal irregular rhythm with a rate of 80 
to 200 beats/minute was first noted one day before 
birth. A fetal echocardiogram showed artrial flutter 
with 2:1 to 5:1 atrioventricular conduction. Hydrops 
fetalis was not detected. 

In cases 4 and 6 hydrops fetalis with massive 
ascites, pleural effusion, and subcutaneous oedema 
was present at gestational weeks 30 and 31, respec- 
tively. Case 6 had no oedema on delivery, however- 
because the supraventricular tachycardia had re- 
verted to normal sinus rhythm before delivery as-< 
result of transplacental digitalisation. 


Table2 Serum concentration of digoxin in cases 4, 5, 
and 6 
Case 


Gestational dose on 


Sercem concentration o 
digexin (ng/dl) 


No age (weeks) delivery (mg/day) 
Mavernal blood Card blooe 
4 30 0-5 (oral) 1-00 0-62 
5 41 0:5 (intravenous) 1-20 1-30 
6 31 0-25 (oral) 0-30 0-36 
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Fig.1 Clinical course of case 6. 
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Fetal echocardiography disclosed atrial flutter 
with 2:1 atrioventricular conduction at a heart rate 
of 240 beats/minute in case 4 and supraventricular 
tachycardia with 1:1 atrioventricular conduction at a 
heart rate of 300 beats/minute in case 6. 

Shortly after birth, cases 1, 2, and 3 had evidence 
of mild cardiomegaly on chest radiographs and 
moderate hepatomegaly. No signs of congestive 
heart failure were observed in case 4 in the perinatal 
period. 

Structural abnormalities were ruled cut by post- 
natal echocardiography and electrocardiography in 
all cases. 

Treatment with digoxin was begun immediately 
after diagnosis of supraventricular tachycardia. 
Emergency injections of digoxin were administered 
to three infants (cases 1, 2, and 3) after delivery. 
The atrial flutter stopped 20 minutes after injection 
of digoxin in case | but persisted for two days in case 
2 and five days in case 3. 

Transplacental digitalisation was attempted in 
three cases (cases 4, 5, and 6). In case 4 fetal 
tachyarrhythmia was detected at 30 weeks’ gestation 
and hydrops fetalis developed at 34 weeks. Trans- 
placental digitalisation was attempted and atrial 
flutter converted briefly to a sinus rhythm. Atrial 
flutter returned, however, and persisted, without 
improvement of hydrops fetalis. Caesarean section 
was performed at 36 weeks’ gestation. The serum 
concentration of digoxin in cord blood is shown in 
Table 2. Successful electrical cardioversion to a 
sinus rhythm was achieved immediately after birth. 
In case 5 fetal tachyarrhythmia was detected at 41 
weeks’ gestation. Although the mother was digital- 









Two dimensional and M mode echocardiogram from case 6 on the 


ised for two days, atrial flutter persisted, but it 
spontaneously converted to sinus rhythm, however, 
10 minutes after normal delivery. 


Case 6. The details of the clinical course of case 6 are 
as follows (Fig. 1). 

At 31 weeks’ gestation a 27 year old primigravida 
noticed a sudden decrease in fetal movement. Her 
obstetrician noted fetal tachycardia and referred the 
patient to our hospital. 

Fetal echocardiography performed on the same 
day revealed fetal tachycardia of 300 beats/minute 
with 1:1 atrioventricular conduction (Fig. 2). There 
was no cardiac structural abnormality, and scalp 
oedema and ascitic fluid were absent. 

Digoxin (0-25 mg twice a day intravenously) was 
administered to the mother, On the day after 
admission fetal echocardiograms showed persistent 
supraventricular tachycardia and a small amount of 
ascitic fluid and pleural effusion. On the sixth day 
massive ascites, pleural effusion, and subcutaneous 
oedema were present (Fig. 3). A brief episode of 
normal heart rate (130 beats/minute) occurred on 
the seventh day, when the maternal serum digoxin 
concentration was 1-02 ng/ml. Intravenous admini- 
stration of digoxin was changed to oral administra- 
tion on the eighth day, and the normal sinus rhythm 
returned to tachycardia. Shortly after intravenous 
digitalisation was restarted, the tachycardia con- 
verted to normal sinus rhythm. which continued 
thereafter, 

Fetal echocardiography showed complete resolu- 
tion of hydrops fetalis one week after normal sinus 
rhythm was established. The mother complained of 
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first hospital day. 








Rapid motion of the mitral 


valve shows atrial and ventricular rates of 300 beatsiminute. No pleural effusion was present. LA; Left airium: RV: right 
ventricle: RA: right atrium, RV: right ventricle; 4V: mitral valve. 
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Two dimensional and M mode echocardiogram from case 6 on the sixth hospital day. Massive pleucal effusion was 


present. LA: Lefi atrium: RV: right ventricle; RA, right atrium, RV: right ventricle; MV: mitral valve, PE; vleural effusion. 


palpitations on the 13th day of admission to hospi- 


second degree atrioventricular block and digitalis 
efrect of ST-T. These phenomena were considered 
to be due to digitalis intoxication. Maternal serum 
digoxin concentration was 1-29 ng/ml. Digoxin 
im oxication subsided after the oral dosage was 
reduced to 0-25 mg once a day. The patient was 
discharged at this dosage. and there was no recur- 
rence of fetal tachycardia. A girl weighing 3791 g 
was delivered vaginally at 40 weeks’ gestation. 
The serum concentrations of digoxin m the 
umbilical cord blood and maternal blood on delivery 
were 0-36 ng/ml and 0-30 ng/ml, respectively. The 
imfant’s electrocardiogram showed Wolff-Parkinson- 
White syndrome (type A) and no structural defect 
was observed by echocardiography. Prophylactic 
dgoxin has been administered for one year without 
recurrences of supraventricular tachycardia. 


Discussion 


Before the era of fetal echocardiography, tachyar- 
rhythmias occurring in utero were often interpreted 
as fetal distress, and often caesarean sections or 
prematurely induced labour were performed." 

Recent development and improvement of fetal 
echocardiography has made it possible to study fetal 
cardiac structure, monitor fetal rhythm disturbance. 
and administer appropriate transplacental pharma- 
cological treatment. ` 

Newburger et al reported that congestive heart 
failure was evident, at birth or shortly after birth, ir 
62% of infants with intrauterine supraventricular 
tachycardias.” Deaths due to intrauterine tachycar- 
dias have also been reported.’ >" 

To our knowledge, successful pharmacologica. 
cardioversion has been achieved in about 10 cases 
(Table 3).°°" In most of the successful cases, 


Table 3 Reported cases of successful transplacental pharmacological cardioversion 
Year of Gestational Tachyarriyithmia Antiarrhy tonic 
pudblicaion week agent 
Tauscher? 1978 34 Tachycardia {> 20 beats/min} Propranolol 
Kerenyl 1980 29-30 Supraventricular tachycardia Digoxin 
Lingman” HRG 29 Supraventricular tachycardia Digoxin 
Harrigan’ leki 26 Tachyeardia (> 260 beats/min} Digoxin 
Damesic” IER 26 Tachycardia (> 240 bewisimin} Digoxin 
Propranolol 
Procainamide 
K vinman” LRI 23 Supraventricular tachycardia Digoxin 
Heaton* IVR © Supraventricular tachycardia Digoxin 
Keinman 1983 35 Supraventricular tachycardia Digoxin 
nar” 1983 36 Tachycardia Digoxin 
Erata” 19S 34 Atrial flatter Digoxin 
Poagsent study FORS M Supraventricular tachycardia Digoxin 
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digoxin was administered to,the mothers because it 
has been confirmed that digoxin crosses the placenta 
and that the fetal serum jdigoxin concentration 
approximates to that of the |mother.!? A few cases 
of fetal tachycardias treated successfully with 
propranolol! or procainamide® have been reported. 
In newborn babies, however, the possible side effects 
of propranolol include depressed Apgar scores, 


hypoglycaemia, and episodes of bradycardia,” and. 


therefore propranolol is not the drug of first choice for 
fetal supraventricular tachycardias. The effects of 
other drugs, such as procainamide and verapamil,’° 
have not been confirmed, because they have been 
administered to only a few patients.° ? “4 

In three cases of intrauterine tachyarrhythmias we 
attempted to convert atrial flutter and sup- 

raventricular tachycardia to normal sinus rhythm by 
_ administering digoxin. In cas 6 fetal supraventricu- 

lar tachycardia recovered on administration of 
“digoxin to normal sinus rhythm in utero and did not 
recur until birth. 

Although digoxin prevented atrial flutter tem- 
porarily in case 4, atrial flutter recurred and the 
mother underwent caesarean section at 36 weeks’ 
gestation. 

It is easier and safer to treat supraventricular 
tachycardia after than before delivery, because we 
have better methods for postpartum treatment, 
including electrical cardioversion and precise phar- 
macological monitoring. When an immature fetus 
with supraventricular tachycardia has a poor chance 
- of extrauterine survival, however, due to immatur- 
ity, transplacental pharmacological cardioversion 
should be attempted. 

Because of the potential risk of congestive heart 
failure in utero, we attempted transplacental 
digitalisation in case 5, but extrauterine treatment 
might have been more appropriate as the fetus was 
full term. | 

Once fetal atrial supraventricular tachyarrhyth- 
mia had been converted to nofmal sinus rhythm, no 
patient in our series experienced recurrent tachyar- 
rhythmia during the first year-of life with preventive 
administration of digoxin. As the prognosis of these 
supraventricular tachyarrhythmias seems to be 
good, preventive treatment is recommended for a 
minimum of one year. 
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Congenital leukaemia: an unusual cause of stillbirth 


ES GRAY. N J BALCH, H KOHLER, W D THOMPSON, AND J G SIMPSON 


Department of Pathology, University of Aberdeen, Aberdeen, and Department of Pathology, Leeds 


SUMMARY Three cases of congenital leukaemia associated with hydrops and intrauterine death 
are described. The leukaemic infiltrates, which involved both the infants and the placentas, were 
of monocytic, lymphoblastic, and myeloblastic types, respectively. The general lack of 
recognition of the condition is probably due to inadequate histological examination of the 
stillborn infant and the placenta. 


= 


Although rare. congenital leukaemia is a condition 2400 g. Postpartum viral studies on the maternal 
wel recognised by haematologists and paediatri- serum excluded recent infection with a variety of 
ciars. From what is known of the kinetics of viruses, including cytomegalovirus and herpes 
leukaemic cell generation,’ the leukaemic process in 
affected infants must have been present for some 
moaths in utero. This indicates that congenital 
leukaemia could be a cause of stillbirth, but a search 
of he published reports has revealed only four 
recerded cases of such an association." The paucity 
of qublished cases suggests that the diagnosis is 
missed by the pathologist. This is not surprising in 
view of the low autopsy rate in stillborn infants and 
the generally poor standard of histopathological 
examination accorded to such cases. 

Two of the three cases described in this report 
occ irred in a single year in the Grampian region of 
Scotland, while the third was seen several years 
before in Leeds. England. This third case has been 
annotated previously,° ’ although with no detailed 
descriptions. 


Case reports 


Case 1. The 21 vear old mother was of blood group 
A, th D positive and Venereal Disease Research 
Laboratory (VDRL) negative. Her one previous 
pregnancy was uneventful, resulting in the birth of a 
normal child with a birth weight of 3160 g, who was 
stil’ alive and well. During the present pregnancy 
she was in good health until 24 weeks’ gestation 
when she developed a monilial vaginitis, which was 
successfully treated by Clotrimazole Vaginal Tab- 
lets. At roughly 34 weeks’ gestation the patient 
noticed that fetal movements had stopped: two œs 
weeks later intrauterine death was confirmed by Fig.l Chorionic villi in case 1 expanded by histiocytic 
ultrasound examination. After an induced labour cells, Showing mitotic activity (haematoxylir and eosin 
she delivered a female stillborn infant weighing staining). 
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simplex, The toxoplasma dye test also yielded 
negative results. 

At autopsy on the same day the infant showed 
mild hydrops and advanced maceration: body 
weight was 2320 g, indicating some fluid loss from 
the tissues. Foot length was 7-0 cm. There were no 
external or internal malformations. The liver (which 
weighed 80 g), spleen (10 g). adrenals (3 g). and 
kidneys (10 g) were unremarkable. The pleural 
surfaces of both lungs, however, were diffusely 
covered by a thin white lesion arranged in a fine 
reticular pattern. The placenta, which weighed 
765 g, was abnormally firm and fleshy. The fetal 
surface showed several firm pale subchorionic 
plaques up to 2 cm in diameter, and the cut surface 
of the placenta was uniformly pale. 

Histology of the placenta showed the chorionic 
villi to be greatly expanded, with a highly cellular 
stroma due to diffuse infiltration by fairly uniform 
cells with large often indented nuclei, a moderate 
amount of faintly eosinophilic cytoplasm, and a high 
mitotic rate (Fig. 1). Permeation of the lumina of 
both the stromal capillaries and of the larger stem 
vessels by these cells was extensive, but there was no 
evidence that the trophoblast basement membrane 
had been breached, and the abnormal cells were not 
found in the intervillous space nor in the adjacent 
decidua. Due to advanced autolysis, histological 
detail of the fetal viscera was poor, but it could be 
seen that the reticular pattern on the pleura was due 


Fig.2 Heavy cytoplasmic staining for muramidase activity 
in tumour cells in case 1 (immunoperoxidase staining). 
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to extensive infiltration of lymphatics by cells of 
similar appearance to those infiltrating the placental 
stroma and vessels. A similar infiltrate was detected 
in the liver, spleen, and periadrenal and pericardial 
fat. 

To confirm the initial impression that these cells 
were histiocytes, immunoperoxidase studies were 
performed, using the peroxidase antiperoxidase 
method with antisera to x and À light chains, IgM, 
IgA, IgG, and IgD heavy chains, muramidase 
activity, and a, antitrypsin concentration. The last 
two antiserum samples produced the pattern of 
granular paranuclear staining typical of monocytic- 
histiocytic neoplastic cells (Fig. 2). Electron micros- 
copy of the placenta confirmed the monocytic/ 
histiocytic nature of the infiltrate, showing numer- 
ous primary and secondary lysosomes, with occa- 
sional residual bodies (Fig. 3). The cell borders were 
rather irregular, with a few microvillous projections, 
and the vesicular nucleus tended to contain a single 
nucleolus. These histiocytes did not have the cyto- 
plasmic Birbeck granules described in malignant 
histiocytes of Langerhans’ type. 

The light microscopic, immunohistochemical, and 
ultrastructural appearance all indicated, therefore. 
that these cells were monocytic (histiocytic) in 
nature and that this was a case of monocytic 
leukaemia. 

Unfortunately, chromosomal analysis was unsuc- 
cessful in this infant. 


Case 2. The mother was 26 years of age, blood group 
rh D positive and VDRL negative. Her two previous 
pregnancies had been normal, resulting in healthy 
infants weighing 3500 g and 3770 g at term, During 
the present pregnancy all went well until the 26th 





Fig.3 Electron microscopy of tumour cell in case 1, 


showing lysosomes and residual bodies. 
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week of gestation, when she had what she thought 
was mumps. For the next two months she had 
several ‘flu like’ illnesses. At 34 weeks’ gestation she 
deve oped premature labour and spontaneously 
delivered a male stillborn infant weighing 2400 g. 
Viral antibody titres in the maternal serum showed 
no evidence of infection with any of the viruses 
tested, including mumps, influenza A and B, 
cytomegalovirus, and herpes simplex. The toxo- 
plasma dye test also yielded negative results. 

At autopsy the infant showed moderate macera- 
tion and mild generalised hydrops with abdominal 
diste sion. The palmar creases were normal and no 
othes external abnormality was noted. The placenta 
had weighed 800 g at delivery, but now weighed 
550 ¢ and presented a most unusual appearance, in 
that the surface vessels running in the chorionic plate 
to the insertion of the cord were distended by firm 
yellow ‘thrombus’ (Fig. 4). Sectioning of the 
placenta showed that the larger villous stem vessels 
were also involved. All three vessels of the umbilical 
cord contained inspissated material, but this was 
pinksh and more pultaceous, presumably due to 
autolysis. The pericardial, pleural, and peritoneal 
cavites contained an increased amount of fluid, 
whic. was turbid, a finding unusual in maceration. 
The dleural surfaces of the lungs were studded with 
smal pale plaques. The most striking feature, 


however, was that the entire fetal vasculature, 
including the cerebral vessels, contained pultaceous 
material similar to that in the umbilical vessels. The 
cardzac chambers were also distended by this 
material. The right and left lungs weighed 13 and 





Fig. 4 


‘Thrombus' protruding from chorionic vessels at 
cord Lasertion site in case 2. 
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17 g, respectively, and the heart was slightly 
enlarged at 20 g. There was moderate hepatospleno- 
megaly (liver 120 g and spleen 10 g). The other 
organs were normal in weight (kidneys 17 g and 
adrenals 4 g) and appearance. 

Histology showed the intravascular material to be 
blood in which 80-90% of the cells were of the white 
cell series, most apparently being of an undifferenti- 
ated blast form (Fig 5 (a) and (b)). The liver and 
spleen were infiltrated by these cells and there was 
extensive involvement of the myocardium (Fig. 6), 
pericardial fat, and pulmonary lymphatics. In the 
placenta these hyperchromatic cells were confined 
to the vascular lumina and were not present within 
the stroma, intervillous space, or decidua. 

By light microscopy alone it was nov possible to 
determine whether these cells were mveloblasts or 
lymphoblasts. Electron microscopy, however, indi- 
cated that the cells were of lymphoid or gin (Fig. 7). 
There was a high nuclear:cytoplasmic ratio, the 
euchromatin nuclei being rounded or ovoid with 
occasional deep indentations. There were usually 
two or more nucleoli. The cytoplasm was packed 
by polyribosomes and none of the cells contained 
granules. Immunoperoxidase studies, performed as 
in case 1, yielded negative results. 











Fig.5(a)and(b) Undifferentiated blast cells in 


‘thrombus’ in case 2 (haematoxylin and eosin staining). 


Fig.6 Infiltration of myocardium by tumour cells in case 2 
(haematoxylin and eosin staining). 


On the basis of the ultrastructural appearances, it 
was concluded that the infiltrating cells were lym- 
phoblasts and that this infant had had a lymphoblas- 
tic leukaemia. Chromosomal analysis showed a 47, 
XY+21 karyotype—that is, Down’s syndrome. 


Case 3. This case has not been previously described, 
although photomicrographs of the placenta from 
this baby have been used by Fox® and Becker’ as an 
example of congenital leukaemia. 

The mother was 24 years old, blood group A, rh 
D positive and VDRL negative. This was her first 
pregnancy. Viral titres carried out early in preg- 
nancy revealed a raised titre to rubella at I in 256, 
but nothing else of note. The pregnancy continued 
normally until 35 weeks’ gestation when she de- 
veloped premature labour and delivered a slightly 
macerated stillborn male infant weighing 2010 g. A 
toxoplasma dye test at that time showed a titre of 
less than | in 8. A specimen submitted for evidence 
of infection by herpes virus also yielded negative 
results. 
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At autopsy the male infant weighed 1825 g and 
was moderately hydropic. There were no other 
external abnormalities and the internal viscera, 
although showing liquefaction. were normal. The 
placenta was normal in appearance and weighed 
475 g. The tentative diagnosis made at autopsy was 
idiopathic hydrops fetalis. Histology of the placenta 
showed the villous stroma to be uniformly and 
densely infiltrated by hyperchromatic, poorly dif- 
ferentiated cells (Fig. 8). No such cells were found in 
the intervillous space or in the attached decidua. 

The umbilical cord vessels were not involved. 
Although staining of the lungs was poor due to 
autolysis, it could be seen that the veins and 
lymphatics were engorged with hyperchromatic 
nucleated cells similar to those present in the 
placental villi. The exact nature of these cells could 
not be determined, but their morphology suggested 
they were probably immature precursors of the 
myeloid series and that this was a case of myeloblas- 
tic leukaemia. 

Chromosomal analysis of fetal tissue was unavail- 
able. 
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Fig.7 Electron microscopy of blast cells in case 2, 
showing lymphotd characteristics. 
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Fig. & Dense cellular infiltration of chorionic villi in case 3 
(haeraatoxylin and eosin staining). 


Discession 


In each of these three stillborn infants there was 
widespread visceral infiltration by cells of a uniform 
neoplastic appearance. In cases | and 3 there was 
also involvement of the placental stroma but no 
exteasion of the tumour cells into the intervillous 
spacəs or maternal decidua. These cells did not 
metzstasise from a primary solid tumour of the 
fetus. Incase 1 both the ultrastructural and immuno- 
histcchemical features indicated that the cells were 
monocytic/histiocytic in origin. In case 2 the cells 
were less well preserved, but electron microscopy 
showed that the primitive blast cells were lympho- 
blas’s rather than myeloblasts. In case 3 ultrastruc- 
tura and histochemical studies were not available. but 
the nfiltrating cells seemed to be of the primitive 
mye.oid series. Because of the nature of the 
prol ferating cells and the massive widespread 
visceral infiltration of non-haemopoietic organs and 
vascular involvement, we believe these three still- 
borr infants had forms of true congenital leukaemia. 


The possibility that case 1 was an example of 


mal:gnant histiocytosis was considered, but the 
cellular infiltrate was more uniform than that found 
in histiocytosis, there was no erythrophagocytosis, 
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and the ultrastructural features were not those 
described in histiocytosis X. 

Congenital leukaemia is a rare condition, about 
100 cases of which have been published * In many of 
the early cases the diagnosis was probably incorrect. 
a point made by Pierce in her review of the cases 
published,” Some authors believe thet congenital 
leukaemia does not exist and that cll the cases 
reported as such were examples of other fetal or 
neonatal haematological disorders.' The reason for 
their scepticism is that the fetus and neonate readily 
produces a leucoerythroblastic or leukaemoid reac- 


haemolysis (as in erythroblastosis fetaiis) and con- 
genital infection. This leukaemoid reaction can 
easily be mistaken for a true leukaemia. both on the 
peripheral blood films (where the white blood cell 
count can reach 1141071) and on examination of 
tissue at autopsy. 

We feel that we can exclude the possibility of the 
leukaemoid reaction in these infants on both serolo- 
gical and histological grounds. In the past erythro- 
blastosis fetalis was occasionally mistaken for con- 
genital leukaemia. All three mothers of these infants 
were rh positive and showed no irregular blood 
group antibodies on routine serology. Although 
Coombs tests were not carried out or fetal blood, 
the infants did not show either the macroscopic or 
microscopic appearances of severe intrauterine 
haemolysis. The degree of hydrops was only mild to 
moderate and the macroscopic visceral changes seen 
in erythroblastosis fetalis'' were not present. There 
was no histological evidence of chronic fetal red cell 
destruction, and nucleated red blood cells were not 
increased. 

The leukaemoid reaction can also be produced by 
intrauterine fetal infections such as syphilis, 
cytomegalic inclusion disease, rubella. toxoplasmo- 
sis, and herpes simplex. Antibodies were not de- 
tected to these infective agents in any of the three 
cases and there was no evidence at autopsy that the 
fetuses had suffered from any of these conditions. 

Septicaemia can produce grossly raised white 
blood cell counts.'* Bacteriological cultures made 
from lung and spleen revealed a scanty Escherichia 
coli on enrichment in case | and a similar scanty 
growth of coagulase negative Staphylococcus, but 
again only in enrichment, in case 2. Both these 
isolates were probably contaminants. There was no 
histological evidence of pneumonia or chorioam- 
nionitis in any of the three cases. 

Neonates with chromosomal anomalies, particu- 
larly those with a trisomy of chromosome 21 
(Down’s syndrome), often have a congenital or 
neonatal myeloproliferative disorder, which can be 
indistinguishable from acute myelogenous leu- 


I 
| 
| 
| 
1006 Gray, Balch, Kohle 


kaemia.'3 It has been described as ‘congenital tran- 
sient acute leukaemia’ and is probably an in- 
effective regulation of granulopoiesis masquerading 
as congenital leukaemia.» It i is always of a myeloid 
type. In case 2 we know that the karyotype was that 
of Down’s syndrome, but the blast cells in the blood 
in this case were of the lymphoid series. Although 
the karyotypes of the other two fetuses were not 
known, neither showed the physical stigmata of 
Down’s syndrome. 

Finally, leukaemoid or \éucoerythroblastic reac- 
tions are so often observed in autopsies on stillborn 
infants and neonates that the perinatal pathologist is 
very familiar with that pattern of cell proliferation. 
In the leukaemoid reaction the infiltrate is polymor- 
phic with a variety of immature blood cell precur- 
sors, the predominant series, ‘being myeloid. There is 
evidence, however, of an orderly progression from 
blast cells to more mature ‘cell types. Contrary to 
what is said by some authors,!° the leukaemoid 
reactions can show infiltration of extrahaemopoietic 
organs, but usually only to|a minimal degree. The 
massive and destructive sheet like infiltration by 
monomorphic cells showing no maturation, as found 
in all these cases, is not seen, even in a florid 
-leukaemoid reaction. 

The mechanism by which fetal leukaemia could 
have caused these infants to die in utero is not 
totally clear, but the modetate degree of hydrops 
present in all three indicates cardiac fatlure. Interes- 
tingly, none of these cases showed evidence of 
leukaemic deposits in the skin, a common finding in 
neonatal leukaemia. 

In none of the reported cases of congenital 
leukaemia has there been evidence of leukaemia 
subsequently developing in the mother. Two of the 
mothers presented here were investigated by a 
haematologist some weeks after delivery, but blood 
counts and peripheral films yielded normal results. 
All three mothers have remained well, one in fact 
becoming pregnant within.a few weeks of the 
stillbirth. This further pregnancy was entirely nor- 
mal, ending at term with the birth of a healthy baby. 
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In showing these three cases of congenital fetal 
leukaemia we wish to refute the claim that the 
condition does not exist. We also suggest that the 
rarity of the condition as a cause of stillbirth is more 
apparent than real, reflecting the general inad- 
equacy of histological evaluation as part of the 
examination of the stillborn infant. 


We are grateful to Mrs I M Watson for typing the manuscript. 
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Acute lymphoblastic leukaemia under 2 years 


A D LEIPER AND J CHESSELLS 
Department of Haematology/Oncology, The Hospital for Sick Children, London 


SUMMARY Presenting features and natural history were assessed in 48 children with acute 
lymphoblastic leukaemia less than 2 years of age at diagnosis. Of these, 16 were less than 1 year 
(group 1) and 32 were between 1 and 2-years (group 2). Results were compared with a group of 
348 children between the ages of 2 and 14 years (group 3) diagnosed over the same’ period. 

The children in group 1 presented with a higher prevalence of null cell acute lymphoblastic 
leukaemia, leucocyte counts >100x107/l, and hepatosplenomegaly and had a higher central 
nervous system (CNS) relapse rate and shorter duration of remission than those in the other two 
groups. Disease free survival and overall survival in group 2 paralleled that of group 3, although 
chilcren in group 2 had a significantly higher CNS relapse rate. 

Neurological toxicity resulting from treatment with methotrexate and radiation was common in 
those under 2 years as a whole. 

In conclusion, children under 1 year have a particularly poor prognosis, while those between 1 
and 2 years have a prognosis similar to that in the older age group. Alternative approaches to 
CNS prophylaxis are needed to reduce the high prevalence of CNS disease and toxicity. 


It hes been recognised for some time that infants 
with acute lymphoblastic leukaemia, less than 2 
years. of age at presentation, tend to have a worse 
prognosis than older children.” 

It aas been suggested that babies presenting with 


acute lymphoblastic leukaemia under 1 year do 


particularly badly. We have examined the out- 
come in a group of infants less than 2 years of age 
diagmosed between 1972 and 1980 at our hospital, 
comparing in particular the clinical features and 


‘survival of those under 1 year with those aged 


between 1 and 2 years. Data for children aged 
between 2 and 14 years, presenting over the same 
pericd, have been included in this study for com- 
parison. 


Patients and methods 


Three hundred and ninety six children presented to 
our hospital with acute lymphoblastic leukaemia 
between 1972 and 1980. Forty eight were less than 2 
years of age, of whom 16 were less than 1 year 
(groap 1) and 32 between 1 and 2 years (group 2). 
The remainder (348) were between 2 and 14 years 
(gro1p 3). There were eight boys in group 1, 17 in 
group 2, and 205 in group 3. The patients were 
treated on a number of protocols designed or being 


piloted for the Medical Research Council (MRC) 
working party on childhood leukaemia (UKALL), 
most of which have been reported elsewhere.” All 
comprised multiple agent induction with at least 
three drugs, usually prednisolone, vincristine, and 
L-asparapinase, and continuing multiple agent 
chemotherapy for twa to three years. Dosage 
modification during induction did not occur in any 
patient. 

Central nervous system (CNS) prophylaxis con- 
sisted of 24 Gy of cranial irradiation before 1979 and 
18 Gy thereafter and regular intrathecal metho- 
trexate until completion of radiotherapy. Cranial 
irradiation was given as soon as complete. remission 
was achieved in 24 children under the aze of 2 years, 
and it was electively deferred until 2 years in a 
further 18, prophylaxis being continued in the 
intervening period with regular intrathecal metho- 
trexate. Deferral of radiation became the consistent 
policy from 1978 onwards. Four of the latter 18 
infants, although electively deferred, never received 
radiation: three died before the age of 2 and one 
developed methotrexate encephalopathy. A further 
six children did not receive irradiation because of 
very early deaths or failure to achieve remission. 

Various presenting features were assessed in the 
three age groups and the results ccmpared. All 
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patients were followed up|for a minimum of five 
years. The following features were chosen, the first 
two having prognostic importance.” ? 8 

(1) Height of initial white blood cell count, 
classified as <20x10°A, 20-100 10/1, and 
>100x 10/1. 

(2) Organ involvement. |The presence of hepa- 
tomegaly, splenomegaly, lymphadenopathy, 
and a mediastinal mass was documented. 
Hepatomegaly and splenomegaly were termed 
‘massive’ if below the umbilicus. 

(3) Immunological surface markers. The leu- 
kaemia was classified into phenotypic sub- 
classes using standard techniques and defini- 
tions previously described by Greaves et al.? 
Acute lymphoblastic leukaemia was thus 
divided into the four following types: common 
(ALL) (cALLA™, laTTdt*), T cell (T-ALL) 
(E-rosette‘la~, Tdt*), null cell (null-ALL) 
(cALLA™, la* Tdt*), and B cell (B-ALL) 
(Smlg*, cALLA™, la? Tdt7). 


Statistical methods. Statistical methods used were 
Fisher’s exact probability |test and the x° test. 
Survival curves were compared using the log rank 
test. | 


i 
l 
Results 
i 


Presenting features. Presenting features in the three 
age groups are shown in-Table 1. 


| 
(i) White blood cell count | 
The proportion of babies in Group 1 who had a 


Table 1 Presenting features in children with acute 
lymphoblastic leukaemia, relating to the three age groups 





Presenting feature Age group} 
I (<1 year) , 2 (1-2 years} 3 (2-H yeara) 
(n=16) | (nm32) (n= 348) 

White blood cell i 
count (xXIPH) : 
<20 5 19 233 
20-100 3 , 9 80 
>190 8 4 35 
Organomegaly 
Hepatomegaly 16 | 27 207 
Splenomegaly 16 | 25 218 
Lymphadenopathy 12 | 2 265 
Mediastinal mass 0 | 2 33 
immune type 
Common 4 | 17 166 
Null cell 5 2 14 
T cell 8 1 33 
B cell 0 | o 7 
Dubious or not | 

tested 7 | 2 125 


white blood cell count >10010°/ was significantly 
higher than in groups 2 (p=0-009) and 3 
(p=<0-001). The difference between groups 2 and 3 
was not significant. The number of patients who had 
a white blood cell count between 20 and 100x10°/1 
was similar in all groups, while only a third of those 
in group 1 had a count <20x10°/L. 


(ii) Organ involvement 

The prevalence of hepatomegaly in groups 1 and 2 
was not significantly different, but there was a much 
higher prevalence in these two groups compared 
with group 3 (p=0-001 and 0-005, respectively). 
None had hepatomegaly below the umbilicus. All 16 
babies in group 1 had splenomegaly, of whom five 
had massive spleens extending below the umbilicus. 
Although the total prevalence was not significantly 
different from group 2, none of the latter group had 
massive splenomegaly. The prevalence of sple- 
nomegaly in group 1 was significantly higher than 
group 3 (p=0-002), but there was no difference 
between groups 2 and 3. 


(iii) Immunological markers 

Fifty six per cent of the patients tested in group 1, 
10% of those tested in group 2, and 6% of those 
tested in group 3 had null-ALL. Although we were 
unable to apply statistical tests to these results in 
view of their incomplete nature, null-ALL seemed 
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Years from presentation 
Fig.1 Life table showing disease free survival in the three 
age groups (group I aged <I year, group 2 aged 1-2 years, 
and group 3 aged 2—14 years) of children with acute 
lymphoblastic leukaemia. 
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to be more common in group 1 than in groups 2 and 
3. Less than half of those tested in group 1 had 
common ALL. No child under 2 years had B-ALL, 
and cnly one had T-ALL. 


Natucal history. 


(i) Remission induction and disease free survival 
Of tre 48 patients aged less than 2 years, 45 (94%) 
achieved remission using standard induction 
cherrotherapy without modification of dosage. This 
compared with 97% of those achieving remission in 
grou? 3. Of the two patients in group 1 and one in 
grou> 2 who did not achieve remission, two died of 
sepss and one of haemorrhage secondary to leuco- 
stasis. 

Figure 1 shows the disease free survival in the 
three groups. There was a highly significant differ- 
ence- between groups 1 and 2 (p=0-01) and groups 1 
and 3 (p=0-01) but no significant difference be- 
tween groups 2 and 3. The median duration of 
remssion in group 1 was 10 months compared with 
29 months in group 2 and 41 months in group 3. 


(ii) Survival 

Ove-all survival is shown in Table 2. This was 
sign#ficantly higher in groups 2 and 3 than in group 1 
(p=)-009). There was no significant difference in 
the duration of survival of children in groups 2 and 
3. Two girls are still alive from group 1, both in their 
first remission, 42 and 116 months from diagnosis. 
Fou-teen children (nine boys and five girls) are still 
alive from group 2, 12 in their first remission, 
between 39 and 127 months from diagnosis. No 
patient in group 1 and only one in group 2 with white 


blood cell count at diagnosis greater than 100107/1 
has survived. Deaths in complete remission are 
shown in Table 2. 


(iii) Relapse 

Table 2 shows bone marrow and CNS relapse as first 
events in the three groups. The incidence of bone 
marrow relapse, including combined bone marrow 


"h Free of central nervous system relapse 
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0 2-5 5 75 10 
Years from presentation 
Fig.2 Actuarial prevalence of central nerveus system 
relapse in the three age groups (group 1 aged <1 year, 
group 2 aged I-2 years, and group 3 aged 2—14 years) of 
children with acute lymphoblastic leukaemia. 
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Table 2 Table of first events and survival in children with acute lymphoblastic leukaemia in the three age groups 


Age group 
I (<1 year) 2 (1-2 years) 3 (2-14 years) 
(n= 16) (n=32) (n=348) 
Relapzes 
Bone marrow 5 7 121 
Centr-] nervous system - 4 6 27 
Testis- 0 0 21 
Comb ned 2 (1 central nervous system + 1 (central nervous system + 4 (3 bone marrow + testis, 


bone marrow + testis, 
1 central nervous system + 
bone marrow) 
No remission 2 l 


1 (pneumocystis) 


Survi-al 2 14 


bone marrow) 


5 (3 septicacmia, 
1 measles, 
| viral pneumonia) 


1 bone marrow + central nervous 


system) 
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` and extramedullary relapses, was 44% in group 1 
compared with 25% in group 2, which was signifi- 
cant (p=0-008). There was|no difference between 
groups 2 and 3. Figure 2 shows that the CNS relapse 
rate was significantly higher in groups 1 and 2 
compared with group 3 (p=<0-0001 and 0-03, 
respectively). Although the incidence was higher in 
group 1 than in group 2, this difference did not reach 
significance. | 

Table 3 shows the number of patients suffering a 
CNS relapse in groups 1 and 2 in relation to the time 
at which cranial radiotherapy was given. When CNS 
relapse was related to the timing of cranial irradia- 
tion in groups 1 and 2 combined, we found that of 
the 18 patients in whom radiotherapy was deferred 
to the age of 2 years, six had isolated CNS relapses 
and one had a combined bone marrow, CNS, and 
testicular relapse. Three patients, all in group 1, 
relapsed in the CNS before receiving radiotherapy. 
Of the 24 patients receiving cranial radiotherapy 
soon after remission, four had isolated CNS relapses 
and a further two had combined: relapses (bone 
marrow and CNS). All but one were in group 2. One 
patient relapsed before radiotherapy. The differ- 
ence in incidence of CNS relapse using these two 
approaches was not significant, not did it depend on 
the dose of radiation received. 


(iv) Neurological complications 

The overall incidence of major neurological com- 
plications in patients less than 2 years was 17%. 
Confirmed methotrexate encephalopathy occurred 
in four children (two in group 1 and two in group 2). 
Three of these had CNS leukaemia (two in group 1 
and one in group 2), two of whom were treated with 
intrathecal methotrexate and craniospinal irradia- 
tion, Encephalopathy developed in the third in the 
absence of radiotherapy, which was therefore with- 
held. This child was 8 months of age at the time of 
his first CNS relapse. The [remaining child who 
suffered encephalopathy in the absence of CNS 
leukaemia was 2 years old at the time of his 
radiotherapy. In addition, convulsions have oc- 
curred for the first time in bne of the long term 


Table 3 No of patients em | central nervous system 
relapseltotal No of patients receiving radiotherapy in groups 
I and 2 in relation to timing of cranial radiotherapy 


Group Timing of radiotherapy 

Deferred* Earlyt 
1 510 1⁄3 
2 2/8 5/27 
“Deferred=until 2 years of age. 
tEarlymson achieving remission. 


survivors from group 1 at 116 months from diagno- 
sis. Computed: tomography revealed calcification, 
which, although not diagnostic, is suggestive of 
methotrexate encephalopathy. 

Intellectual impairment occurred in three survi- 
vors. One child was severely affected, with an intel- 
ligence quotient (IQ) of 50 and is also deaf. Two of 
the three, including this patient, received prophy- 
lactic irradiation when less than 2 years of age. 


Discussion 


Most reports state that children less than 2 years old 
at diagnosis have a worse prognosis than those 
diagnosed between the ages of 2 and 10 years.” 
Our study seems to indicate, however, that these 
figures are heavily weighted by the cohort of infants 
less than 1 year of age, who fare particularly badly. 
Those aged 1-2 years seem to have survival curves 
very similar to those aged 2-14 years, despite the 
higher prevalence of CNS disease. 

Babies under 1 year at diagnosis have a much 
higher prevalence at presentation of null cell 
leukaemia, white blood cell count >100x10%/, 
and splenomegaly extending below the umbilicus 
than either those between 1 and 2 years or those 
between 2 and 14 years. They also have a greater 
prevalence of hepatomegaly than the latter group. 
Their disease free and overall survival is significantly 
less than the other two groups, and they have a 
much higher prevalence of CNS disease, although 
this only reaches significance when compared with 
those patients over 2 years of age. This experience 
parallels that of other authors,” > although we did 
not find a high incidence of meningeal involvement 
at diagnosis. 

Early cytogenetic studies on the leukaemic clone 
of cells has only recently become routine at our 
hospital. The recent recognition of the (4:11) 
translocation (t4:11) in acute lymphoblastic leu- 
kaemia and its unsustained response to standard 
chemotherapy in young babies!® !! makes it likely 
that at least some of the infants included in our study 
have possessed these abnormal chromosomes, 
which may help to account for their poor survival. It 
has also been shown that children with t4:11 tend to 
present with the same features as we have found in 
our group of infants. Typically, the patients are less 
than 1 year of age, have high white blood cell counts 
at diagnosis, and do not express the common 
acute lymphoblastic leukaemia antigen.!° Their 
prognosis is poor. 

Age is said to be an independent prognostic 
factor,* but our finding of a number of poor 
prognostic features in infants in the first year of life, 
including hepatomegaly, massive splenomegaly, and 


high white blood cell count,? * makes it difficult to 
conïrm such a statement. It has recently been 
suggested, however, that age of less than 6 months 
seems to be an independent prognostic variable.” 
CNS disease is particularly prevalent in infants 
aged less than 2 years at diagnosis and especially so 
in mfants aged less than 1 year. It was initially 
thought that the high prevalence of meningeal 
involvement might be due to the practice of defer- 


ring cranial irradiation until after the second birth- - 


day. It is true that more patients in group 2 had early 
radiation than in group 1 and that the prevalence of 
CNS disease is lower in this group, but none the less 
the percentage of patients relapsing in group 2 
despite early radiotherapy is the same as in those in 
whem radiation was deferred. Certainly, when these 
two approaches were compared statistically the 
prevalence of CNS relapse did not differ signifi- 
can-ly. A similar experience is shared by Reaman et 
ai, who found that there was no difference in CNS 
relapse rate between those in whom prophylaxis 
combined cranial radiation and intrathecal metho- 
trexate and those in whom intrathecal methotrexate 
was used alone.’ It has been noted in our study, 
however, that more patients relapsed before 
receiving radiotherapy in the group of children in 
whem it was deferred (16%) than in those who 
received early radiotherapy (4%). These patients 
were all in group 1, and it may reflect an inherent 
propensity for early CNS disease in the very 
young. 

The high prevalence of neurological complica- 
tiors found in our series of 48 patients under 2 years 
is perhaps not unexpected. Several studies have 
revealed that although most children have IQs 
witain the normal range after treatment with stan- 
dard CNS prophylaxis and oral methotrexate, those 
uncer 3 years at the time of radiation have signifi- 
cantly k lower IQs than those treated at an older 
age 1714 Moss ef al also noted greater impairment in 
intellectual abilities in the youngest children.” It is 
not surprising therefore that intellectual impairment 
was found in three children, two of whom received 
cranial irradiation under the age of 2 years. It is for 
this reason that our policy since 1978 has been to 
def2r cranial irradiation until after the second 
birhday, and this also warrants alternative 
approaches such as triple intrathecal chemotherapy 
to decrease CNS morbidity.’ 

Methotrexate neurotoxicity is more commonly 
encountered in children with previous CNS leu- 
kaemia’’ where the cumulative dose of intrathecal 
methotrexate is high in combination with cranial 
raciotherapy. As the prevalence of CNS leukaemia 
is high in those aged under 2 years methotrexate 
encephalopathy is a real cause for concern. Indeed, 
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we found that out of 13 children aged under 2 years 
who developed CNS disease, three developed 
severe methotrexate neurotoxicity. Two further 
children with fits and changes in their computed 
tomograms compatible with toxicity did not have 
CNS disease. 

In summary, this study confirms suspicions that 
infants less than 1 year at presentation have a very 
poor prognosis, while those between 1 and 2 years 
show long term survival comparable to that of older 
children. Whether the outlook will be improved by 
more intensive chemotherapy remains unclear, but 
in view of the high prevalence of CNS disease and 
toxicity, alternative approaches to CNS prophylaxis 
need to be found. 
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SUMMARY Between 1982 and 1984, 24 consecutively diagnosed children from Iraq with 
ncn-localised Burkitt lymphoma (Murphy stages I, I, and IV) were eligible for treatment with 
a nulti-drug rotating chemotherapy schedule. This schedule was intensive and included early 
treatment directed at the central nervous system but was of only six months’ duration and fairly 
inexpensive compared with schedules recently advocated for use in the developed world. Some 
petients had ‘debulking’ abdominal surgery, but no radiation treatment was used. There were a 
number of complications related to early treatment, some of them fatal, but cf 13 patients 
ertering complete remission 12 are long term survivors who are fres of disease and, hopefully, 
cured. These results represent a substantial improvement over our experience before 1982 (6-9% 
survival). 

A similar treatment approach might be adopted by other centres, especially those in 
developing countries where cancer accounts for a rising proportion of childhood death but whose 


resources are limited. 


A though Burkitt’s lymphoma! is one of the most 
responsive tumours to chemotherapy, patients 
with advanced disease have proved difficult to 
cure.? °? Previous experience in Iraq is that the 
survival of patients with non-localised disease has 
been only 6:9%,* and other centres in developing 
ccuntries, using non-intensive chemotherapy with or 
w-thout radiotherapy, have reported similar 
results.>” 

The recent introduction of more intensive che- 
motherapy regimens has led to much improved 
survival for children with all categories of non- 
Fodgkin’s .lymphoma, including those B cell 
tumours of undifferentiated histology that represent 
the ‘sporadic’? form of Burkitt’s lymphoma.® ? 
Although some authors have claimed that radio- 
therapy is valuable in the management of children 
with non-Hodgkin’s lymphoma,” 1° two randomised 
studies have shown no benefit when radiotherapy 
was delivered to sites of previous bulky tumour,!! @ 
a finding that complements the clinical observation 
that primary site recurrence is unusual in this 
disease. Recurrence most commonly occurs, within 
sx months of diagnosis, in bone marrow or the 
central nervous system, or both, and is then difficult 
to control without marrow ablative (‘megatherapy’) 
approaches.}* 1 


Typical and atypical Burkitt’s lymphoma consti- 
tutes about one half cf all childhood non-Hodgkin’s 
lymphoma presenting to our centre (Al-Saleem T. 
Unpublished data). Because of dissatisfaction with 
our previous treatment results, we designed a 
protocol that incorporated (a) careful staging, (by 
the use of ‘normal dose’ but intensively scheduled 
chemotherapy with rotating drug combinations, (cl 
early treatment directed at the central nervous 
system (‘central nervous system prophylaxis’) witk 
intrathecal methotrexate and moderately high dose 
systemic methotrexate, (d) short total duration, anc 
(e) no radiotherapy. Debulking surgery formed nc 
part of the protocol but was carried out in a number 
of patients who were admitted to the surgical units 
of our hospital before referral to us. The whole 
protocol was designed to be suitable for use in ou- 
centre in which, for example, facilities for in- 
travenous nutrition and serum methotrexate estima- 
tion are not available and to take mto account the 
fact that, in Iraq, parental compliance with pro- 
longed courses of treatment is poor. 

The aims of the stady were to assess the practica- 
bility and toxicity of the treatment regimen in a 
consecutive series of patients, to determine the 
complete response and survival rates, and to collect 
information on patterns of relapse. 
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Patients and methods 


From February 1982 to February 1984, 24 children 
with non-localised Burkitt's lymphoma, con- 
secutively admitted to the paediatric oncology unit 
of Medical City Hospital, were entered into the 
study. There were 15 boys and nine girls, and their 
ages ranged from 2-5 to 12 years (median 4 years). 
Twenty three patients had had no previous treat- 
ment, and one had recurrent disease 12 months 
after completing six weeks of treatment with non- 
intensive chemotherapy (oral cyclophosphamide 
and methotrexate, vincristine. and intravenous 
cytosine arabinoside"). In each case the clinical 
diagnosis was confirmed by histological evidence of 
undifferentiated lymphoma or of *‘L3° morphology 
of blasts in bone marrow. Neither immunological 
surface marker testing nor Epstein-Barr virus 
serology was available. Children with follicular 
centre cell or other histological subtypes of non- 
Hodgkin’s lymphoma were not included. 

The following staging investigations were carried 
out: full blood count, bilateral bone marrow aspira- 
tion, cerebrospinal fluid cell count and cytospin, 
chest x ray, and intravenous urogram. In addition, 
six non-laparotomised patients had a computed 
tomogram of the abdomen performed. Staging was 
according to Murphy’s system.” 

All patients were given oral or intravenous (if 
vomiting) allopurinol 50-100 mg for at least 24 hours 
before starting chemotherapy and for one to four 


Dosage 

(mg/m2) 
Cyclophosphamide 1000 | | 
Adriamycin 50 | | 
Vincristine 15 | | 
Prednisolone 100x58 = 
Methotrexate + Folinic acid 500 Le be be 
VM 26 150 
6 -Thioguanine 150x5 
Cytosine arabinoside 300x5 
Methotrexate Intrathecal | | rid 


0 


Fig | 


were given us close together as blood count allowed. 


weeks thereafter: an attempt was made to alkalinise 
during courses 1-5 and 8-9. Chemotherapy was 
given in I] courses at one to three weekly intervals 
(Fig. 1). with special emphasis on the delivery of the 
first five courses as soon as possible after blood 
count recovery (neutrophils >1-010°/1). 

Courses 1, 2, 10. and 11 consisted of ‘CHOP’ (for 
details, see Fig. 1). courses 3, 4, 5, 8, and 9 of 
moderate dose methotrexate (combined in courses 8 
and 9 with VM 26), and courses 6 and 7 of cytosine 
arabinoside and 6-thioguanine. In the methotrexate 
courses one third of the dose was given as a bolus 
and the remainder as a 24 hour infusion. The first 
dose (15 mg) of folinic acid ‘rescue’ was given 
intravenously at the end of the infusion of metho- 
trexate and repeated every six hours (eight doses in 
all). Serum creatinine concentration was checked 
48 hours from the start of treatment with metho- 
trexate; if the concentration was >50% higher 
than just before treatment folinic acid rescue was 
continued for five days and the next dose of 
methotrexate was delayed by one week. Intrathecal 
methotrexate was given with courses 1-6, the dose 
being related to age:'" children aged 2-4 years 
received 7-5 mg per dose, while older children were 
given 10 mg. All treatment was stopped after course 
11, except in one child (case 19} who had blasts in 
the peripheral blood at diagnosis (L3 acute lympho- 
blastic leukaemia) and is on continuing (‘main- 
tenance’) treatment (see Results). Radiotherapy 


2 4 6 
Months 


Diagrammatic representation of protocol. Dosage of intrathecal methotrexate was dependent on age.’* Courses 1-3 
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Staging and sites of disease. Five patients had stage 


was not part of the protocol but was used as 
‘consolidation therapy’ in one patient with testicular 
invelvement who showed an incomplete response to 
chemotherapy. 

2fore each course the patients were examined to 
assess tumour response and blood count, and 
biochemical tests of renal and liver function were 
performed. Bone marrow examination was carried 
out every eight weeks and cerebrospinal fluid cell 
count and cytology after each lumbar puncture. 
Supportive care included intravenous fluids and 
antspiotics, alkalinisation of urine. and blood trans- 
fusion, as necessary. Parenteral nutrition was not 
available. 

To determine patterns of relapse, patients who 
completed chemotherapy had clinical examination, 
bilateral bone marrow aspiration, and cerebro- 
spiral fluid study at two monthly intervals for six 
moasths and chest x ray and intravenous urogram at 
six nonths. After six months off treatment patients 
were monitored clinically. 


Resalts 


Diagnosis. All 24 patients fulfilled the clinical 
criteria for diagnosis of Burkitt's lymphoma, and the 
diaznosis was confirmed either cytologically (two 
cases) or histologically (22). 


Table | 


H tumour, 12 stage IH, and seven stage IV (Table 
1). Eighteen pauents had extranodal abdominal 
disease, 13 at multiple sites. For diagnosis. four of 
these children underwent biopsy examinations of 
other disease sites (three of the jaw and one of bone 
marrow). In the remaining 14, in whom disease was 
confined to the abdomen, laparotomy was per- 
formed. Of these 14 children, five had resection of 
all gross abdominal disease, but in tre remainder 
only biopsy examination or partial resection was 
carried out. The incidence of involvement of the 
abdominal lymph nodes (five patients) was almost 
certainly an underestimate because laparotomies in 
patients with unresectable disease were not 
exhaustive. There were eight children with involve- 
ment of the head and neck (the jaw in seven and 
tonsils in one), six with involved bone marrow, and 
one with tumour cells in the cerebros inal fluid. In 
contrast to our experience in the Un:ted Kingdom 
multiple simultaneous sampling of bone marrow did 
not, in this series, increase the yield of positive 
findings. 


Toxicity. There was some serious toxicity related to 
drugs at the start cf chemotherapy, with five 
fatalities. Two patients developed ‘tumour lysis 
syndrome’!® and died within 24 hours of receiving 
‘CHOP’ course 1. Three others developed fever, 


Staging and sites of disease in 24 patients with Burkitts lymphoma 








Case Stage Site 
No aA A asst e atte te lar gs i a aa a ae seca eg aie a et Ns Se E a 
Abdomen Head and Bone Cerebrospinal her 
and neck marrow” faid SEES 

j il SaN o a T O 

= Hi MN $ re 

3 i BE ae 

4 Hi M me Kidneys, nodes 
5 ji 4A O yġğġŭůüaaa Oa 

6 PV ee M ne Laver, spleen 
7 Hi M SEO O O A 

8 Hi MAN 000 a 

9 Hi Ma Cvaries, pouch of 

Douglas, Kidney 

10 H ---- M mre 5 

i WH MO J 

12 Io M W Sa 

13 I N* M L l 

id i Mv — ~~ - 

15 Iv M M ee = 

16 IV Mee AE l Liver, spleen 

nodes, blood 

i7 IY S 5 === = Spicen 
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19 PR ~ FO Blood 
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Jaundice, and diarrhoea while neutropenic after 
‘CHOP’ course 1 and. although blood cultures 
vielded negative results. H was assumed that SEPSIS 
Was the cause of death. In the surviving patients the 
interval between "CHOP courses | and 2 was only 
202-3 weeks and between courses 2 and 3 was only 2 
weeks, After the first ‘CHOP? course, treatment was 
well tolerated. with close adherence to the pre- 
scribed schedule and with only seven recorded 
episodes of toxicity, including one of neutropenia 
and fever. one of severe oral ulceration with raised 
serum creatinine concentration after treatment with 
methotrexate. and one of raised serum creatinine 
concentration alone after treatment with metho- 
trexate. Thus only three admissions to hospital were 
required after a total of 144 chemotherapy courses. 
No adjustments to chemotherapy dose were made 
during the study. 

It should be emphasised that some patients were 
in very poor general condition (Fig. 2) and that 


many had recently undergone major surgical proce- 





Fig. 2 


dures. There is little doubt that these factors 
contributed to the early mortality and morbidity 
related to chemotherapy. Surprisingly, the mean 
duration of symptoms, before treatment, in those 
patients who did not achieve complete remission 
was the same (four weeks) as in those patients who 
did. A similar observation has been made in 
Algerian patients.” 


Response (Table 2) and survival. Two patients died 
and a third was lost to follow up without receiving 
any chemotherapy. In the remaining 21 patients 
chemotherapy began within one (19 children) or two 
weeks (two) of diagnosis. One child was lost to 
follow up after course 1. Six patients succumbed to 
complications related to treatment, five of them 
after chemotherapy (see Toxicity) and one after 
surgery (faecal fistula with sepsis), and are grouped 
together as ‘early deaths’. Two of these children 
(cases 17 and 21) died within 24 hours of starting 


chemotherapy, too early to assess tumour response; 








g Poor nutritional state of case 14 before chemoth erapy. He is along term survivor. 


<< 
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Tabe2 Summary of outcome of 24 patients with Burkitt's 
lymphoma. Numbers in parentheses indicate patients who 
did not receive chemotherapy 





State Last to Earty Partial Complete — Total 
stage follow wp death response response 

H — 1 I 3 5 
Ol 2 (1) 3 (1) — 7 12 
IV — 4 (1) — 3 7 
Total 2 8 1 13 24 


in tae other four (cases 3, 7, 16, and 24) there was 
cleer evidence of tumour regression at the time of 
death seven days to two months after diagnosis. 

Gf the 22 patients with follow up information, 13 
(59%) achieved complete remission—three of five 
with stage II tumour, seven of 10 with stage DI, and 
three of seven with stage IV. In all but two 
instances, complete remission was reached before 
chemotherapy course 3. At diagnosis, four children 
had abnormal intravenous urograms, which con- 
sisted of hydronephrosis (three cases) and non- 
functioning kidney (one); all returned to’ normal 
dur-ng treatment. 

The patient (case 22) who presented only with 
bilateral testicular involvement and showed incom- 
plese regression of disease (partial response) was 
given testicular irradiation (18 Gy). Tumour cells 
occurred in the bone marrow and blood at four 
mozths from diagnosis, however, and he died soon 
afterwards. 

Lymphoma recurred in only one (case 12) of the 
13 >atients who achieved complete response; this 
stage IV patient relapsed in the central nervous 
system and jaw and died two months later. The 12 
rerraining children are still in continuous complete 
remission eight to over 35 months (median 21 
months) after diagnosis (Fig. 3). Eleven have been 
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*/e Surviving (alive and free from disease) 


6 12 18 24 30 36 
Months from diagnosis 


Fig.3 Actuarial survival curve (all patients). 


off treatment for two to over 29 months (median 17 
months). One child with L3 acute lymphoblastic 
leukaemia is on continuing (‘maintenance’) treat- 
ment with oral methotrexate/6-mercaptopurine and 
pulses of L-asparaginase, vincristine, prednisolone, 
and adriamycin. 


Discussion 


The design of this schedule was based on a United 
Kingdom Children’s Cancer Study Group multi- 
drug protocol that gave unexpectedly good results 
(69% two year disease free survival) in patients 
with non-localised (stage II-IV) abdominal non- 
Hodgkin’s lymphoma.” In that study the addition of 
radiotherapy did not improve the prognosis. In an 
attempt to avoid the early bone marrow and central 
nervous system relapse so characteristic of both 
endemic and non-endemic Burkitt’s lymphoma, the 
first five courses of our protocol were administered 
as close together as blood counts allowed and 
included treatment directed at the central nervous 
system in the form of intrathecal and moderately 
high dose systemic methotrexate. Given the intensity 
of treatment, ‘maintenance’ chemotherapy was 
deemed unnecessary. i 

It has been suggested that debulking surgery 
reduces the relapse rate in patients with Burkitt’s 
lymphoma,'” and laparotomy is still advocated in 
some centres.” In our series a higher proportion 
(4/5) of patients who underwent initia. debulking of 
abdominal disease survived than of those whose 
tumours were considered’ inoperable (5/11). The 
group who underwent debulking, however, included 
two patients with stage H disease, whereas all 
patients in the group who did not undergo debulking 
had stage HI or IV tumours. Although numbers are 
small, the long term disease free survival of these five 
patients who did not undergo debulking suggests that 
surgery does not add to chemotherapy when the 
regimen is of sufficient intensity. This point is of 
particular importance in girls because the internal 
genitalia (ovaries, Fallopian tubes, and uterus) are 
often involved by tumour: had chemotherapy been 
used as initial treatment in patient 9 rather than 
surgery, castration, with its disastrous effects on the 
girl’s later physical and psychological development, 
might have been avoided. 

Because 11 of our patients have naow been off 
treatment for more than six months (median 24 
months from diagnosis) we hope that most of the 12 
long term survivors reported here will prove to be 
cured. It is especially encouraging that these results, 
a distinct improvement over our previous experi- 
ence, have been achieved after only six months of 
chemotherapy and without radiotherapy. The high 
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incidence of early mortality,| which parallels experi- 
ence in Algeria,’ might have been reduced by the 
availability of intravenous feeding, the avoidance of 
unnecessary surgical intervention before chemo- 
therapy, and more careful monitoring during the 
post-chemotherapy ‘tumour lysis syndrome’. 

In a randomised study the United States Chil- 
dren’s Cancer Study Group showed that a four drug 
chemotherapy programme (‘COMP’) was superior 
to a 10 drug schedule in the treatment of children 
with non-localised ‘undifferentiated’ non-Hodgkin 
lymphoma.’® Patients also teceived high dose (30 
Gy) radiotherapy, however, to sites of bulk disease. 
This may have compromised the delivery of subse- 
quent chemotherapy and explain the greater 
proportion of fairly late relapses in that study 
compared with our own. Though two year disease 
free survival of the 39 patients with advanced 
undifferentiated lymphoma (including 29 with Bur- 
kitts lymphoma) was only 46%, Magrath et al 


considered that the addition of adriamycin to 
‘COMP’—that is, ‘CHOMP’—may improve the 
outcome.'? Sullivan and irez, by contrast, 


reporting a median actuarial survival of 72% in 
children with stage [I-IV Burkitt’s lymphoma 
treated with a regimen containing very high doses 
of cyclophosphamide and methotrexate, recently 
suggested that adriamycin offered no advantage. 
Presentation at a late stage of disease and poor 
compliance with treatment are facts of life in 
developing countries, so we thought it appropriate 
to include in this analysis all patients presenting to 
our unit during the study, including those who 
received no chemotherapy at all. Though dis- 
appointing at first sight, the overall actuarial sur- 
vival of 55% is encouraging in this context. Even more 
pleasing was the low rate of relapse (8% ) among the 
13 patients who achieved| complete remission, 
suggesting that rotation of drug combinations, as in 
ourregimen, may diminish the need for very high dose 
chemotherapy schedules except in patients, such as 
those with stage IV disease due to involvement of 
the central nervous system, identified as being in a 
very bad prognosis category.| This point is of major 
importance for developing countries and relevant to 
centres in the developed world because, apart from 
their greater toxicity, high dese approaches require 
more intensive nursing and es support than is 






usually available. They are also very expensive. To 
treat a 20 kg child, for example, the cost of 
methotrexate and folinic acidi in the induction phase 
of the schedule of Sullivan and Ramirez is roughly 
$8250 (late 1985 prices) ‘+ these drugs in the 
‘maintenance’ phase—a totallof over $16 700.” The 
cost of methotrexate and folinic acid in the National 
Cancer Institute schedule is|similar.!? In our pro- 
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tocol, by contrast, the total cost of methotrexate and 
folinic acid is $950. 

Nkrumah and colleagues recently reported from 
Ghana that 28 children with ‘massive’ abdominal 
disease had been treated with intrathecal metho- 
trexate and, in a prospective randomised trial, with 
short courses either of cyclophosphamide (1400 
mg/m’) alone or intravenous cyclophosphamide 
(700 mg/m“), vincristine, and low dose cytosine 
arabinoside.” That there was no difference in 
complete response rate and survival between the 
two randomised groups is of interest, but the most 
provocative feature of this small study is that the 
disease free survival (58%) of patients who received 
cyclophosphamide alone is similar to that of our 
patients, treated with a more prolonged and 
complex regimen. If these findings are confirmed 
in a second Ghanaian study now in progress 
(Neequaye J. Personal communication) there will be 
a case for a randomised trial of high dose cyclo- 
phosphamide versus a more intensive multi-drug 
regimen, such as ours, in sporadic Burkitt’s 
lymphoma. 

Our data indicate that many patients with 
advanced Burkitt’s lymphoma can be cured by short 
but intensive chemotherapy using rotating drug com- 
binations without radiotherapy and, in at least some 
cases, without major surgery. Though administered 
without intensive nursing support and facilities such 
as intravenous feeding and serum methotrexate 
assay, treatment was associated with little morbidity 
except during remission induction. We believe our 
results have implications for other paediatric units, 
especially those in other developing countries where 
economic factors and practical considerations have 
hampered progress in the treatment of advance 
childhood cancer. 


Added in proof 


More recent follow up is now available (July 1986) 
on the 12 patients surviving when this paper was 
submitted. One (case 19) relapsed 22 months from 
diagnosis and died two months later, but the 11 
remaining children (three stage I, seven stage MI, 
and one stage IV) are alive, weil, and in compléte 
remission 20-44 months (median 38) from the end of 
treatment. 

Since the completion of this study, we have 
treated a further 19 patients with advanced Burkitt’s 
lymphoma using this regimen. There were two early 
deaths, but 17 patients entered complete remission: 
16 of these children are alive, well, and free of 
disease at the time of writing. 
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Response to bronchodilators assessed by lung 


mechanics 


A GREENOUGH, B G LOFTUS, J POOL, AND J F PRICE 
Department of Child Health, King’s College Hospital, London 


SUMMARY Abnormaliti 


of compliance and functional residual capacity were shown in eight 


young children aged 2-8 years with asthma during an acute attack. In a randomised, placebo 
controlled study treatment with bronchodilator (salbutamol) was associated with a significant 
improvement in a and lessening of hyperinflation as shown by a reduction in functional 


residual capacity. 


i 


Asthma is a common illness in young children.’ 
Unfortunately, the response to treatment with 
bronchodilator in such patients is considered to be 
small and less predictable than in older children and 
adults.” Knowledge regarding the response to treat- 
ment remains limited because of the difficulties in 
obtaining objective measurements of lung function 
at this age. Previous studies that have attempted to 
assess the effectiveness of such treatment with 
bronchodilators in young |children have used a 
modification of the forced oscillation technique for 
determination of resistance\? This technique relies 
on the assumption that the respiratory system 
functions as a single unit, which may not be valid in 
a disease such as asthma that can cause non- 
uniform, asymmetrical changes. Also as the respira- 
tory system can be affected by such problems as 
upper respiratory tract infections, common in young 
children, it cannot be universally applied. 

Despite these limitations, Groggins et al have 
been able to show changes in resistance in response 
to oral theophylline and salbutamol* and nebulised 
ipratropium bromide and salbutamol but not 
clemastine’ in young children. The same group, 
however, were unable to show either reduction in 
resistance measured by tthe forced oscillation 
method or a fall in thoracic gas volume measured 
plethysmographically after treatment with nebulised 
salbutamol in wheezing children less than 18 months 
of age, and suggested this as an age limit below 
which treatment with renga might not be 
effective.® 

Recently, we have been able to perform measure- 
ments of both functionali residual capacity and 
compliance of the respiratory system reliably and 
accurately in children aged 2-7 years.’ In a prelimin- 


ary study using these tests we showed significant 
abnormalities in both lung volume and compliance 
in children with severe and symptomatic asthma. In 
adults similar abnormalities can be reversed 
by appropriate treatment to relieve airways 
obstruction. This study investigated whether the 
combined techniques of measurement of compliance 
of the respiratory system and functional residual 
capacity could similarly be used in young children to 
document the response to treatment with broncho- 
dilators. 


Patients and methods 


Study protocol. Eight children (six <5 years of age) 
admitted to our hospital with acute asthma were 
studied. The study group consisted of five boys and 
three girls aged 2-1 to 8-0 years, with a mean age of 
4-9 years. The children were entered into the study 
as soon as intravenous treatment for status asthmati- 
cus was stopped and they were able to tolerate 
regular treatment by nebuliser. Immediately before 
a scheduled inhalation of treatment with bronchodi- 
lator the child visited the respiratory laboratory. 
Functional residual capacity and compliance 
of the respiratory system were measured (see 
below). The child was then randomised to receive 
either saline (3 ml) or salbutamol (2:5 mg if 
<5 years of age and 5 mg if >5 years) in 3 ml of 
saline through a nebuliser. Ten minutes later com- 
pliance of the respiratory system and functional 
residual capacity were again measured. Those chil- 
dren who had received salbutamol returned im- 
mediately to the ward and those who had received 
saline were given their scheduled dose of salbutamol 
before leaving the laboratory. This procedure was 
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repeeted at the time of the next scheduled treat- 
ment, the child receiving the alternative solution. 


Lung function measurements. All measurements 
were performed with the child in a sitting position 
breathing into a water sealed spirometer (Gould 
Pulmonet 3) through a face mask. 

First functional residual capacity was measured by 
helium gas dilution. Equilibration was assumed 
wher there had been a change of less than 20 ml in 
functianal residual capacity over a 30 second period. 
Com>liance of the respiratory system was then 
measured by weighted spirometry. After estab- 
lishirg a constant end expiratory level on the 
spirometric volume recording a 500 g brass weight 
was placed on the spirometer bell. This produced a 
constant positive pressure within the circuit of 
approximately 2 cm H,O and increased the end 
expiratory level. Airway pressure was measured 
through a side port (Sanborn pressure transducer, 
model No 268 B). The weight was removed after a 
new stable baseline had been achieved, the end 
expiratory level then returning to the previous 
baseline. This procedure was repeated five times 
durirg the study. Combined compliance of the 
respicatory system and spirometer circuit was calcu- 
lated from the mean volume and pressure changes of 
the īve weight applications. Compliance of the 
spirometer circuit alone had been previously calcu- 
lated by applying a series of weights to the bell with 
the darcuit closed, this was then subtracted from the 
total compliance to give compliance of the respira- 
tory system. Volumes were all corrected to body 
temperature, pressure, and saturation conditions. 

The measurements together take less than five 
minutes and are reproducible (a coefficient of 
variation of <10% for repeated measurements both 
in healthy children’ and children with asthma). 

AÑ calculations of compliance of the respiratory 
system and functional residual capacity were per- 
formed by one of us (AG). Individual traces were 
coded so that this researcher was unaware of the 
patient’s characteristics and the relation to the trial 


Table Mean (range) changes in fractional residual 
capacty and compliance of the respiratory system in 
response to treatment with saline and salbutamol (expressed 
as percentage of predicted for height) 


Saline Salbutamol 
Before After Before After 
jee residzal 133 134 137 125 
(111-157) (119-147) (124-158) (111-145) 
oma of the n 70 71 82 
resptatory system (51-95) (47-95) (49-93) (56-103) 


schedule. The results are expressed as a percentage 
of the predicted height and weight using our own 
data from 60 healthy children of a similar age 
group.’ 

In the three older children it was possible to make 
peak flow measurements in addition to measure- 
ments of compliance of the respiratory system and 
functional residual capacity. 


Ethical permission. Ethical permission for this study 
was granted by King’s College Hospital ethical 
committee, and parenta. consent was also obtained. 


Statistical analysis. Chenges in functional residual 
capacity and compliance of the respiratory system 
with salbutamol and placebo were campared and 
assessed for significance using the paired Student’s t 
test. 


Results 


All eight children had raised functional residual 
capacities and reduced compliance of the respiratory 
systems (Table) at the start of the study compared 
with our data for normal children for this age 
group.’ There was no significant difference between 
the baseline measurements, expressed as a percen- 
tage predicted for height of our date for normal 
children’ before administration of saline and salbu- 
tamol (Table). Admmistration of saline was 
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Fig.1 Changes in functiorai a capacity in response 
to administration of saline and salbutamol (results expressed 
as a percentage of the predicted normal value for height). 
Individual children’s responses to either salinz or 
salbutamol are shown by linked data points. 


1022 Greenough, Loftus,|Pool, and Price 
100 


90 


80 





i Salbutamol 
Fig.2 Changes in compliance of the respiratory system in 
response to administration of saline and salbutamol (results 
expressed as a percentage of the predicted normal value for 
height). Individual children’s responses to either saline or 
salbutamol are shown by linked data points. 


associated with only a small variable change in both 
functional residual capacity (mean change 1-1%) 
and compliance of the respiratory system (mean 
change 2%). All changes | are expressed as the 
difference between measurements before and after 
nebulised treatment, both measurements expressed 
as the percentage predicted for height using our own 
data for normal children.’ Administration of salbu- 
tamol was associated with a/consistent reduction in 
functional residual capacity, mean change 12:3% 
(Fig. 1), and a rise of compliance of the respiratory 
system, mean change 11-5% (Fig. 2) (p<0-05). 
Only three children were able to perform peak 
flow measurements reproducibly. Administration of 
saline was associated with} a small but variable 
response (changes of —7%,|0%, and +3%), peak 
flow measurements being expressed as percentage 
predicted for height using) the data for normal 
children of Lunn.? Administration cf salbutamol 
was associated with a consistent improvement in 
peak flow (changes of 15%, 13%, and 20%). 







Discussion 


Successful clinical management is essential to be 
able to diagnose accurately, describe the pattern and 


severity of the disease, and monitor the response to 
treatment. Chai et al assessed the value of methods of 
measurement commonly used in young children 
with asthma: clinical examination, history, pul- 
monary physiology, medication requirements, and 
school activity.!° Their conclusion was that physiolo- 
gical measurements of pulmonary function were 
very important and provided the only objective 
measurement available in the assessment of state of 
asthma. Traditionally, peak expiratory flow has 
been used to assess state of asthma, particularly the 
response to treatment. Its main recommendation is 
its simplicity, which means that the test can be 
performed repeatedly and at home.’! Peak expira- 
tory flow, however, is influenced mainly by obstruc- 
tion in the larger airways, thus large abnormalities 
of small airway flow, which occur in such children, 
may not be detected by peak flow measurements.’ 
In young children measurements of peak flow also 
may be unreliable because of limited patient co- 
operation. ; 

In this study the combined measurements of 
compliance of the respiratory system and functional 
residual capacity were not only well tolerated but 
also showed abnormalities of compliance and lung 
volume. Rises in lung volume in older children have 
previously been documented by plethysmographic 
measurements both in severe chronic asthma’! and 
in response to antigen induced asthma.” 4 In the 
present study these abnormalities of both com- 
pliance and lung volume were consistently reversed 
by treatment with bronchodilators but not with saline 
and confirm earlier reports from adults and older 
children. McIlroy and Marshall measured the 
mechanical properties of the lungs in patients with 
asthma at rest and during exercise and showed 
increased stiffness of the lungs, which was less 
pronounced after treatment with bronchodilators.» 
Woolcock and Read found that lung volume may be 
raised as much as three to five litres above normal in 
acute asthma attacks and that this was reduced by 
appropriate treatment./° Even among asymptomatic 
children (aged 8-13 years) Tooley et al found similar 
abnormalities, which again were reversed by treat- 
ment with bronchodilators.” They went on to 
emphasise the importance of early detection and 
treatment of this abnormality to prevent possible 
permanent structural changes as a result of hyper- 
inflation. 

It is suggested from these preliminary results that 
this technique, combined measurement of com- 
pliance of the respiratory system and functional 
residual capacity, may be useful in assessing re- 
sponse to treatment in young children with asthma 
in whom peak flow measurements may not be 
possible. Further work is necessary to assess 
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whezher the magnitude of the response is related to 
the age of the child or the severity of their disease. 


Finarcial-support for this work was provided by Children Nation- 
wide Medical Research Fund. We are grateful to Mrs Angela 
McPtersen for secretarial help. 
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Slow release theophylline in preschool asthmatics 





S P CONWAY AND W T HOULSBY 
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SUMMARY A double blind crossover trial with active or placebo slow release theophylline 


(Slo-phyllin) in children 
symptom scores was show. 





ith asthma aged up to 4 years is described. Although no difference in 
, other differences in favour of active treatment were noted. We 


conclude that this preparation is of benefit in the management of the whéezing preschool child. 


The value of symptom 





Theophylline can be an effective drug for less severe 
chronic perennial asthma in older children! * and is 
widely prescribed for the preschool child, especially 
when beta; sympathomimetics have failed to control 
symptoms. It is said to be easily administered. The 
bronchodilator effect is related to plasma con- 
centration.” Interindividual | variations in plasma 
concentration for a given dose and intraindividual 
variations in concentrations during a 24 hour period 
are well recognised in childrdn.* There is, however, 
little information on its use or effectiveness in the 
preschool child. 

Assessment of outpatient anti-asthmatic treat- 
ment in the young child is| difficult. Respiratory 
function tests, if they can be used at all, are not 
reliably reproducible. Recourse is made to parental 
opinion, often formalised by ithe use of a diary card 
for symptom scores. The aims of this study were to 
assess whether twice daily slow release theophylline, 


prescribed as closely as possible to the manufac- 
turer’s recommendations, was effective in controlling 
asthmatic symptoms in the preschool child and to 


examine the value of the symptoms score in assess- 
ing clinical improvement. 
Patients and methods 


Children aged up to 4 years diagnosed as having 
asthma were enrolled into the study, after acute 
admission or outpatient referral, with a wheezing 
illness. In each case there was a history of recurrent 
wheezing or coughing episodes resolving either 
spontaneously or with treatment. No other cause for 
these symptoms was found. [They were given Slo- 
phyllin (Lipha Pharmaceuticals Ltd) or placebo in a 
double blind crossover study for 24 weeks. Active 
and placebo periods alternated at six weekly inter- 
vals, the child being allocated to the initial active or 


res as an index of clinical improvement is discussed. 


placebo treatment at random. Throughout the study 
a beta, sympathomimetic was prescribed to be taken 
when necessary for symptoms of cough or wheeze. 
Additional treatment—for example, steroids—was 
at the discretion of the general practitioner or 
admitting hospital doctor. 

Parents scored symptoms of cough, wheeze, 
daytime activity and night time symptoms daily on a 
4 point ordinal scale where a maximum score of 3 
was obtained for maximal symptoms. Use of addi- 
tional medication and comments were also re- 
corded. No run in period was used. The scores from 
the last five weeks of each six week period were 
studied, however, to avoid a carry over effect. The 
effectiveness of the treatment was judged by change 
in symptom scores, use of additional medication, 
number of hospital admissions for acute attacks of 
asthma, and parental preference. 

Statistical analysis was by paired ¢ test and 
Wilcoxon signed rank test for non-parametric data. 


Results 


Twenty nine children were entered into the study; 
six were lost to follow up, three refused to take the 
drug, and four were non-compliant as judged by 
negligible theophylline concentrations in the active 
treatment period. The records of the 16 remaining 
children were studied. Mean age at entry was 2-6 
years (range 10 months to 4 years). Fourteen had a 
family history of atopy and nine had had eczema. 
Mean age at onset of symptoms was 1-1 years (range 
<1 to 36 months) and frequency of symptoms varied 
from several times weekly (eight) to weekly (three) 
or less than once weekly (five). Ten had had 
previous admissions to hospital for asthma. 

Mean (SD) theophylline dose was 10-3 (2-0) 
mg/kg/dose (range 7-6-14-3 mg/kg/dose); mean 
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Table 1 Comparison of symptom scores in active and placebo treatment periods in children up to 4 years of age with 








asthma 
Score Treatment Mean 95% p 
difference Confidence Value* 
Active Placebo interval 
(mean (SD)} (mean (SD}) 
Total 57-8 (55-1) 553 (53-4) ~2-6 24-6, 29-7 0-73 
Daytine 42-8 (40-9) 41:4 (39-8) -1-4 —18-8, 21-6 0-74 
Night ime 15-0 (15-1) 13-8 (14-9) -1-2 63, 87 0-75 





*Wilccxon signed rank test. 


plasma concentration of theophylline measured 
thre2 to five hours postdose was 9-1 (2-1) mg/l 
(ranze 6-4-13-2 mg/l). Side effects, consisting of 
milc gastrointestinal symptoms, were seen in two 
patients and settled on reduced dosage. Behavioural 
and sleep disturbances were not noted. 

No difference in symptom scores was found 
between active and placebo treatment periods for 
eith2r total daily scores or for separate scores for 
dayime and night time symptoms (Table 1). There 
wer2 similar numbers of consultations of general 
practitioners, days when bronchodilators were used, 
and. prescriptions issued for steroids or antibiotics 
during the active and placebo periods (Table 2). 

Cne child was admitted to hospital during the 
active treatment period, but five children were 
admitted during the placebo period (four once and 
one twice). 


Tab.e 2 Comparison between active and placebo treatment 
pertods in children up to 4 years of age with asthma 


Treatments 
Active Placebo 
General practitioner censultations 10 14 
AddĒional use of bronchodilators 
(petient days) 240 223 
Couwes of steroids prescribed 2 3 
Cousses of antibiotics srescribed 
by general practitioners 9 9 
Admission to hospital with asthma 1 6 
Pareatal opinion of period in which 
chid was better controlled 8 0 


Parental opinion sought before the randomisation 
code had been broken was that their child had 
been better controlled during the active treatment 
period in eight cases. In the remaining eight there 
was no preference. No parent thought that the 
placebo treatment was superior. When the symptom 
scores were classified according to parental prefer- 
ence, however, there was a significant improvement 
in scores in the active treatment period in those 
children whose parents preferred the active treat- 
ment and a significant deterioration in symptom 
scores in the active treatment period in those whose 
parents had no preference (Table 3). 

There was a reduction in symptom scores between 
the first and second active or placebo treatment 
periods, which was independent of order of rando- 
misation. . 


Discussion 


We have shown no significant alteration in symptom 
scores in children of up to 4 years with asthma who 
received Slo-phyllin at a dose close to the maximum 
recommended by the manufacturers (it is our 
experience that children are usualy prescribed 
considerably less than this by general practitioners). 

It is probable, none the less, that the drug as 
currently recommended is of benefit in relieving 
asthmatic symptoms in children under 4 years of ` 
age. There were fewer admissions to hospital of 
children taking the active treatment; of the six 
children admitted because of mild attecks of asthma, 
five were taking placebo, one of whom was admitted 


Tatle 3 Comparison of symptom scores in active and placebo treatment periods with reference to parental preference. 


No parent preferred the placebo period 


Score Parents prefer active treatment 
Mean difference in F 
symptom score Value 
Tota 21-2 0-03 
Daycime 14-6 0-6 


Night time 6-6 0-01 


Parents have no preference 


Mean difference in p 
symptom score Value 
—26-3 9-2 
—17-4 0-02 
-86 0-04 
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twice. While 50% of parents thought that their child 
was better when taking the} active treatment, none 
thought that placebo was superior. These observa- 
tions indicate a clinically important improvement 
with active treatment. 

In those subjects whose parents thought their child 
was improved during the active treatment period 
there was a significant decrease in symptom scores 
during this period. The children recognised by their 
parents as benefiting from active treatment tended 
to be those with lower overall scores, suggesting that 
children with milder asthma benefited most from 
this form of treatment, as has been suggested 
previously.” 

Although the blood concentrations of theophyl- 

line achieved were within the range thought to be 
effective,’ others have recommended that concen- 
trations of 10-20 mg/l should be maintained.” It is 
possible that larger or more frequent doses than are 
currently recommended by the manufacturers would 
be more effective for the preschool child, who is 
known to eliminate the drug|more rapidly, but close 
monitoring of blood io would be neces- 
sary. 
Although Slo-phyllin is said to be easy to give, the 
beaded capsule contents being simply disguised in 
food, seven out of 23 (30%) of the children in this 
study did not or would not take the prescribed drug. 
Others have reported similar problems.’ The 
observed trend towards an improvement in symp- 
toms with time indicates that any child on regular 
prophylaxis should have regular critical review of 
the need for such treatment. 

This study has highlighted some of the problems 
of using the symptom score as an index of severity of 
asthma. Parentally derived symptom scores have a 
wide numerical range, because of the wide variation 
in Observers. The power of; this study to detect a 
fairly small change in score~-for example, 15%—is 
low. A study population of| 800 would have been 
needed to show a change of this size with 80% 
power at p=0-05. Although a distinct preference for 
the active treatment was shown by parents, and this 
was borne out by a significant improvement in 
symptom scores in the group whose parents pre- 
ferred the active treatment, there was an equally 
significant change in symptom scores in the opposite 
direction in the group whose parents showed no 
preference—yet they should, all other factors being 
equal, have preferred the period of treatment with 
placebo. By asking parents to complete a diary for 
symptom scoring they are probably made to con- 
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centrate on some of the important symptoms, but 
parental preference is probably determined by 
additional unidentified factors that must have a 
stronger influence. 

It therefore remains possible that benefit from 
active treatment in other children was not recog- 
nised because of deficiencies in the symptom score 
as a tool in clinical assessment. There are several 
other reasons why this may be so. Decisions as to 
the efficacy of treatment rely on impressions of 
dyspnoea and severity of wheeze. Even the older 
sufferer may not perceive important airways ob- 
struction, and there is no means of identifying the 
poor perceiver except by objective tests of lung 
function. Paediatric practice is further hindered by 
the perceiver being at one remove from the sufferer. 
Intrinsic to the symptom score is a total reliance on 
subjective parental responses. While many parents 
may be sensitive to the level of their child’s 
respiratory difficulty, others are known both to 
underestimate its severity, with possibly the even- 
tual production of permanent chest deformity, and 
to over react to mild attacks when objective assess- 
ment shows little or no evidence of lower airways 
obstruction.’ 

The optimum method of assessment of preschool 
children with asthma has yet to be established. 


We thank Lipha Pharmaceuticals Ltd for generous financial 
support. 
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Erythromycin versus tetracycline for treatment of 
Mediterranean spotted fever 


T MUNOZ-ESPIN, P LOPEZ-PARES, E ESPEJO-ARENAS, B FONT-CREUS, I MARTINEZ- 
VILA, J TRAVERIA-CASANOVA, F SEGURA-PORTA, AND F BELLA-CUETO 


Hospital de Sant Llàtzer, Terrassa, Clinica Infantil del Nen Jesús, Sabadell, and Hospital Mare de Déu de la 
Salst, Sabadell, Barcelona, Spain 


SUMMARY Eighty one children aged between 1 and 13 years participated in a randomised 
comparative trial of tetracycline hydrochloride and erythromycin stearate for treatment of 
Mediterranean spotted fever. Both therapeutic regimens proved effective, but in patients treated 


‘with tetracycline both clinical symptoms and fever disappeared significantly more quickly. 


Likewise, when those patients who began treatment within the first 72 hours of illness are 
corsidered the febrile period had a significantly shorter duration in the group treated with 
tetracycline. One patient was switched to tetracycline because there was no improvement of 
clinical manifestations, with persistence of fever, myalgias, and prostration, after receiving eight 
dars of treatment with erythromycin. These results suggest that tetracyclines are superior to 


erythromycin in the treatment of Mediterranean spotted fever. 


Mecliterranean spotted fever is an acute infectious 
disease caused by Rickettsia conorii. During the last 
few years there has been a resurgence of this disease 
in Mediterranean countries.’ Likewise, acquired 
spcradic cases have recently been reported in 
northern Europe? ? and the United States.* Treat- 
meat with tetracyclines or chloramphenicol is effec- 
tive, but tetracyclines can cause undesirable side 
effects, especially in children under the age of 8 


yeers, and with chloramphenicol there is a risk of 


bome marrow toxicity. 

Some cell culture studies have shown that 
erythromycin is an effective in vitro agent against 
various species of rickettsieae.” ° We undertook a 
racdomised clinical trial comparing tetracycline 
hydrochloride with erythromycin stearate to see if 
erythromycin could constitute a useful and less toxic 
therapeutic alternative in children with Mediterra- 
nean spotted fever. 


Pactents and methods 


We included in the study all children diagnosed as 
having Mediterranean spotted fever and admitted 
during 1983 and 1984 to the Hospital de Sant 
Llatzer, Terrassa, and Clfnica Infantil del Nen 
Jesus, Sabadell (Spain). Eight patients, who in the 
week preceding the study had received antibiotics, 


were not included in the trial; neither were those 
with a history of allergy to tetracyclines and 
erythromycin. 

The diagnostic criteria of Mediterranean spotted 
fever were as follows: presence of typical clinical 
manifestations plus tache noire and/or a positive 
serologic result by means of indirect immuno- 
fluorescence against R. conorii (a fourfold increase 
in the titre of acute serum over convalescent serum 
or a titre over 1:40 in those few cases in whom only 
one test was possible). 

Eighty one children fulfilled the conditions for 
inclusion in the study; 12 who did not wére 
excluded. Patients were treated at random with 
either erythromycin stearate or tetracycline hyd- 
rochloride according to a set of computer generated 
aleatory numbers. Over a period of 10 days patients 
received daily doses of either erythromycin 50 mg/kg 
(12-5 mg/kg four times a day) or tetracycline 40 
mg/kg (10 mg/kg four times a day). Temperature 
was taken at least every six hours by nursing 
personnel not related to the study, and symptoms 
were evaluated daily until disappecrance. 

On admission the following laboratory studies 
were carried out: haemogram, ervthrocyte sedi- 
mentation rate, urea, creatinine, total bilirubin, and 
electrolyte concentrations, serum glutamic pyruvic 
transanimase, serum glutamic oxaloacetic transani- 
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mase, alkaline phosphatase, creatine kinase, and 
lactate dehydrogenase activities, prothrombin time, 
total protein and protein electrophoresis, urinalysis, 
Weil-Felix reaction, indirect immunofluorescence 
against R. conorii, and blood cultures. Electrocar- 
diograms and chest x ray were also obtained. 
At the end of three weeks a clinical revision and new 
serological, haematological, land biochemical deter- 
minations were made. Apyrexia was defined as a 
temperature of less than 37°C taken in the armpit. 
Student’s f test was used for statistical analysis. 
1 


Results 


Of the 81 patients studied, 50 were boys and 31 girls. 
Ages ranged between 1 and 13 years. Thirty four 
patients received tetracycline hydrochloride and 46 
erythromycin. One patient |began treatment with 
erythromycin but was later switched to tetracycline. 
This 7 year old boy presented with fever, headache, 
and myalgias of 24 hours’ duration. On physical 
examination a tache noire was noticed on the scalp 
accompanied by enlarged lymph nodes and maculo- 
papular rash affecting the palms of the hands and 
the soles of the feet. There was no improvement of 
clinical manifestations, with persistence of high 
fever (39-40°C), headache, myalgias, and prostra- 
tion on the eighth day of treatment with erythromy- 
cin. After two days of treatment with tetracycline 
fever subsided and clinical symptoms markedly 
improved. As the patient had not completed the 
prescribed 10 day course of antibiotic regimen this 
case was not evaluated in the results, and we think 
that this must be considered as an example of 
erythromycin proving ineffective. 

Mean (SD) ages of the patients were similar in 
both groups (6-9 (2-2) years in the group treated 
with tetracycline v 5-9 (2-6) years in the group 
treated with erythromycin). Maximal temperatures 
recorded on admission were also similar (39-6 
(0-6)°C v: 39-5 (0-7)°C, respectively). The interval 


| 
Table Results of a therapeutic trial, tetracycline v 
erythromycin, in children with Mediterranean spotted fever. 
Values are mean (SD) ; 


Treatment Fr oup p Value 
Tetracyeting Erythromycin 
n= 34 46 
Acyrenia after | 
treatment (days) 2-2 (1-0) , 3-5 (1-5) «20-0005 
-sappearance o 
symptoms (days) 24 (1-0) ' 3-4 (1-4) <0- 0005 
Duration of febrile 
period (days) 6-5 (2-1) 70 (1-6) NS 


a 


| 
| 
i 
4 
+ 


100 
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m 80 
= 60 
a 
P 
0 1 gees rena a 6 7 


Figure Accumulated percentage of afebrile patients on 
successive days after the beginning of treatment with 
tetracycline hydrochloride (solid line) or erythromycin 
stearate (broken line). 


between first occurrence of symptoms and beginning 
of treatment was somewhat longer in the group 
treated with tetracycline (4-3 (1-8) days) than in the 
group treated with erythromycin (3-5 (1-7) days); 
this difference was significant (p<0-05). 

All patients recovered uneventfully. After the 
beginning of treatment fever and clinical symptoms 
disappeared significantly more quickly in the group 
treated with tetracycline (Table). Also the total 
duration of fever in this group was shorter, although 
the difference was not significant. When only the 38 
patients who began treatment within the first three 
days of illness were considered the total duration of 
fever was significantly shorter (p<0-01) in the 14 
patients treated with tetracycline (5-0 (0-8) days) 
than in the 24 patients treated with erythromycin 
(6:3 (1:7) days). The Figure shows the accumulated 
percentage of afebrile patients in each group on 
successive days after the beginning of treatment. No 
relapses were observed. One patient had side effects 
(diarrhoea), which may be attributed to erythromy- 
cin, but in this single case suspension of the trial was 
not necessary. 


Discussion 


Mediterranean spotted fever is a benign disease,’ ® 
fatalities from which are rare (mortality of 
0-2%).? 1° On the other hand, clinical manifestations 
are usually severe, with intense malaise. The natural 
duration of Mediterranean spotted fever is from 10 
to 15 days.'! Treatment with tetracyclines or chlor- 
amphenicol shortens this symptomatic period and 
avoids possible serious complications. The risk of 
bone marrow toxicity is an argument against the use 
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of chloramphenicol in such a generally benign 
disease. Untoward effects of the tetracyclines in 
children aged under 8 include staining of the teeth, 
tem orary retardation of bone growth, and hypo- 
plas-ic enamel.’ For this reason the use of tetracy- 
cline antibiotics in children has been restricted, 
except in some diseases, such as rickettsiosis, 
brucellosis, and psittacosis.” In fact, staining of the 
teeta is related to the accumulative doses adminis- 
tered during childhood.'* Thus it is more important 
to suspend the use of tetracyclines in daily paediatric 
practice than to avoid administration of a single 
cou-se of the drug. 

This study shows that tetracycline hydrochloride 
is superior to erythromycin stearate in the treatment 
of Mediterranean spotted fever. Symptoms and 


fever disappeared significantly more rapidly in the ` 


groap treated with tetracycline. Although the differ- 
ence in the total duration of fever between the two 
groups was not significant, this is probably due to 
the-fact that treatment was started more promptly in 
the group treated with erythromycin. In fact, when 
onl, those patients who began treatment within the 
firs: three days of illness are considered the total 
duration of the febrile period was significantly 
shcrter in the group treated with tetracycline. 
Differences in the clinical point of view between 
patients on tetracycline and patients on erythromy- 
cin. however, were less apparent (delay of apyrexia 
of about 1-5 days), except in one case of unsuccess- 
ful treatment with erythromycin. 

Im conclusion, erythromycin could constitute an 
acceptable therapeutic alternative to tetracycline for 
children aged under 8 years with Mediterranean 
spctted fever, except those with severe symptoms or 
senous illness. 


We acknowledge the help of Dr Marta Pulido for the English 
trarslation and copy editing of the manuscript. 
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Renal response to arginine vasopressin in premature 
infants with late hyponatraemia 
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SUMMARY To assess the influence of late hyponatraemia on the renal responsiveness to 
endogenous arginine vasopressin (AVP), urinary excretion and plasma concentration of sodium, 
plasma and urine osmolality, free water clearance, and urinary AVP concentration and excretion 
were measured in 11 healthy premature infants with a mean birth weight of 1360 g and mean 
gestational age of 31 weeks. Studies were performed on days 1, 5, and 19. 

The development of late hyponatraemia was associated with a pronounced decline in urine 
osmolality, whereas urine flow rate and free water clearance increased significantly. Mean (SEM) 
urine AVP concentration jand excretion also rose significantly from 2-15 (0- 31) pg/ml and 0-36 
(0-55) pg/min/m? on the first day to 6-5 (0-96) pg/ml and 3-85 (0-63) pg/min/m? on the 19th day, 
respectively. 

When renal response to AVP was compared at different ages the highest urine osmolality and 
steepest response curve was observed on the first day. With development of hyponatraemia the 
renal response became blunted. 

It is concluded that the limited tubular sodium transport and hyponatraemia hinders the 
establishment of intrarenal osmotic gradient, impairs renal response to AVP, and prevents 


excessive water retention| and further fall of plasma sodium. 


| 


In a recent study on the role de arginine vasopressin 
(AVP) in development of late hyponatraemia in 
premature infants we showed a steady rise in urinary 
AVP excretion with age in spite of the pronounced 
decline in plasma sodium concentration and 
osmolality." This finding was interpreted as indicat- 
ing that the protracted volume contraction due to 
renal salt wasting stimulates AVP release, which, in 
turn, enhances free water reabsorption and contri- 
butes towards restoring the volume of body fluid 
compartments to normal. Interestingly, however, 
the rising AVP excretion was not associated with the 
expected rise in urine osmolality; what is more, the 
lowest mean value for urine osmolality was observed 
in the third week when hyponatraemia was already 
established. 

On the basis of these observations it could be 
assumed that contrary to the general view? either no 
postnatal increase in renal responsiveness to en- 
dogenous AVP occurs over the age period studied 
or the renal response to AVP is blunted by late 
hyponatraemia. 





In the present study we attempted to determine 
whether the impaired renal sodium conservation 
and hyponatraemia might limit the ability of the 
kidneys of premature infants to concentrate urine 
independent of AVP. 


Patients and methods 


Eleven healthy male premature infants with a mean 
birth weight of 1360 g (range 1020-1620 g) and mean 
gestational age of 31 weeks (range 29-33 weeks) 
were studied. All infants were delivered vaginally 
after uncomplicated pregnancy and labour. There 
were no pathological events known to increase AVP 
secretion during the perinatal period—that is, peri- 
natal asphyxia, cardiopulmonary distress, or peri- 
natal infection. They were nursed in a thermally 
controlled environment and fed pooled human milk. 
On the first day 5% glucose infusion was also given 
to provide daily fluid intake of 70-80 ml/kg. 
Urinary excretion and plasma concentration of 
sodium, plasma and urine osmolality, endogenous 
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Tab Postnatal values (mean (SEM)) of plasma sodium concentration and osmolality, urine osmolality and flow rate, 
argirine vasopressin (AVP) concentration and excretion in urine, free water clearance, and fractional sodium excretion in 


Il healthy premature infants 


Age Plasma Osmolality (mOsm/kg HzO) Urine flow 
(days, sodhon nn T 
(mmol/l) Plasma Urine (milmin{1-73 mê) 

l 138-0 (2-5) 288-0 (1-6) 159-0 (16-2) 026 (0-02) 

5 139-6 (1-8) 290-0 (4-0) 146-0 (14-7) 0-57 (G-05)* 

19 130-8 (1-4)** 281-0 (1-6)* 93-0 (11-5)* 0-98 (0-09)** 
“p<005 v day 1. 

**p<J01 y day 1. 


creétinine clearance, and urinary AVP excretion 
were measured on the first, fifth, and 19th days of 
life. 

Flasma and urine sodium concentrations were 
determined by flame photometry. Osmolality was 
measured by freezing point depression, using a 
Knauer osmometer.? Creatinine concentration was 
determined according to the method of Jaffe with 
some modification.* Urinary AVP was measured by 
radioimmunoassay as described by Sramkova et al. 

Informed parental consent and approval of a local 
eth.cs committee was obtained for blood sampling 
anc urine collection. 

Statistical analysis was by the unpaired Student’s t 
tes- and log-linear correlation. 


Results 


Postnatal changes in plasma sodium and osmolality, 


8 


; 


8 


Urinary osmolality (MOsm/kg H20) 





5 0 
Urinary AVP ( pg/ml) 


Figure Renal osmotic response to endogenous arginine 
vasopressin (AVP) in premature infants on the first (@), 
fifta (X), and 19th (O) days of life. 

For first day, ye 112-95+70-01, r=0-65, p<0-01. 


For fifth day, yw 12-31+91-62, r=0-84, p<0-01. 
For 19th day, y~27-994+-36-71, r=0-45, p<0-05. 


Free water Frectional Urine AVP 

clearance sodium 

(mliminil-73 m°) excretion Concentration Excretion 
(%) (pgiml) (pgiminim’) 

0-10 (0-03) L799 (G27) 215 (0-31) 0-36 (0-05) 

0-27 (0-06)* 2-02 (0-41) 4-70 (0-57}* 1-80 (0-25)* 

0-72 (0-14)** 0-51 (0-09)** 6-50 (0-96)" 3-85 (0-63) ** 


urine volume, urine osmolality, free water clear- 
ance, fractional sodium excretion, and urinary 
excretion and concentration of AVP are summa- 
rised in the Table. There was a significant decrease 
of plasma sodium (p<0-05) and plasma osmolality 
(p<0-05) by the 19th day. 

The development of late hyponatraemia was 
associated with a pronounced decline in urine 
osmolality, whereas urine flow rate and free water 
clearance increased significantly over this period. In 
spite of the falling plasma sodium and osmolality, 
mean (SEM) urine AVP concentration and excre- 
tion rose steadily from 2-15 (0-31) pg/ml and 0-36 
(0-05) pg/min/m?, respectively, on the first day to 
6-5 (0-96) pg/ml and 3-85 (0-63) pg/min/m*, respec- 
tively, on 19th day (p<0-01). 

The postnatal alterations in renal concentrating 
performance were assessed by comparing the AVP 
response curves at different ages (Figure). The 
highest urine osmolality and steepest curve were 
observed on the first day. With advancing age and 
development of late hyponatraemia, the renal re- 
sponse became paradoxically blunted as indicated 
by the lower urine osmolality and the less steep 
slope of the response curve. 


Discussion 


The results of the present study on renal responsive- 
ness to endogenous AVP suggest that renal salt 
wasting and development of late hyponatraemia 
interferes with the postnatal maturation of renal 
concentrating mechanisms. 

It has been postulated that an interstitial osmotic 
gradient from renal cortex to papilla should be 
generated and maintained for elabcration of con- 
centrated urine. 7 The generation of a hypertonic 
renal interstitium involves several factors, including 
passive medullary urea recycling® and active sodium 
chloride transport in the ascending limb of Henle’s 
loop. 

Moore et al have shown that the fetal lamb could 
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establish a steep intrarenal oSmolar gradient already 
at mid-gestation and infusion of hypertonic urea 
induced a significant increase in intrarenal urea 
concentration from cortex to papilla, whereas after 
hypertonic administration | of sodium chloride 
the corticopapillary sodium gradient remained 
unaltered.'° These experimental data are consistent 
with the clinical observations of Edelmann et al, 
showing that in preterm and full term neonates the 
concentrating performance |can be enhanced by 
providing high protein diet or urea supplement, but 
sodium chloride supplementation proved to be 
inefficient.'! These findings lend support to the 
concept that urea as a urinary solute is of prime 
importance in the renal concentrating mechanism. 

In newborn rats urea accounts for only 25% of 
papillary solute and the adult value of about 50% is 
only reached by 21 days.’* In agreement with these 
observations Zink and Horster found that in the 
early distal tubular fluid of 12-15 day old rats 
sodium chloride comprised most of the solute but 
that its relative contribution to the total solute 
concentration markedly decreased with age.” It can 
be assumed, therefore, that lin the early period of 
life sodium chloride plays a major role in the build 
up of corticopapillary osmoti¢ gradient, whereby the 
intact renal tubular sodium transport is an important 
prerequisite of efficient renal concentration. 

Rees et al recently showed that urine osmolality 
response to AVP was more pronounced in prema- 
ture infants with hypertonic dehydration than in 
those recovering from hyponatraemia.’* This 
observation has been thought to indicate that in 
hypernatraemia the delivery! of glomerular filtrate 
high in sodium and the medullary hypertonicity are 
important factors in enhancing renal response to 
AVP. With this suggestion in mind it is reasonable 
to speculate that hyponatraemia, the lower rate of 
sodium delivery to the distal nephron, and the 
subsequent decrease of renal solute gradient may 
limit the production of concentrated urine. 

In addition to the diminished renal osmotic 
gradient, the increased renal [prostaglandin produc- 
tion may also be considered as a factor contributing 
to the impaired renal response to AVP. In a group 
of healthy premature infants a progressive increase 
in urinary prostaglandin E excretion has been shown 
during the first three weeks of life when hypo- 
natraemia and decreased renal responsiveness to 
AVP developed.” 

In conclusion, our findings indicate that renal salt 


loss and volume stimulated increased AVP secretion 
may both be involved in the development of late 
hyponatraemia of prematurity. On the other hand, 
the limited renal tubular sodium reabsorption and 
the hyponatraemic state may hinder the establish- 
ment of intrarenal osmotic gradient and impairs 
renal response to AVP, thus preventing excessive 
water retention and further worsening of hypo- 
natraemia, 
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Short reports 


Computerised biofeedback achieving continence in high anal atresia 


V 4 OWEN-SMITH AND B W CHESTERFIELD 


De; 





SUMMARY Computerised biofeedback has been 
used to attempt to improve continence in three boys 
wita high anal atresia. The results obtained so far 
have been extremely encouraging. Over a period of 
six nonths progressive improvement has taken place 
anc been maintained in each child. 


Anal atresia is a congenital abnormality in which the 
rectum fails to reach the anus. High (supralevator) 
anc males have an increased incidence in boys. The 
rectum usually reaches the upper surface of the 
pelvic floor, but the anal canal is absent and the 
levator floor is well developed but does not descend 
fur her than the bowel. Part of the external sphinc- 
ter is invariably present but is insufficient to have 
any useful function. The condition is diagnosed at 
birh and managed surgicaily; initially a colostomy 
to relieve the obstruction may be needed and a pull 
through procedure performed at 6-12 months.’ 
Subsequent to this, sphincter response to rectal 
disension is usually lost and the continence mech- 
anism disturbed. Secondary surgical procedures 
endeavouring to improve continence include:* 
(1) Imitating external sphincter function using 
skeletal muscle with or without a muscle 
stimulator, 
(2) Strengthening the musculus puborectalis by 
free muscle transplantation. 
(3) Mimicking the action of the internal sphincter 
using smooth muscle transplantation. 
(4) Levator anal release creating an independent 
muscle sling. 
in most cases bowel training regimens based on 
psychological training, medication, and dietary 
manipulation are used. These children are often 
incontinent for many years before achieving control 
with the help of any of the above methods.* Failure 
may bring about the performance of a permanent 
colostomy in adolescence. Biofeedback techniques 
usiig a simple pneumatic device have been used for 
this condition,* and other operant conditioning 
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regimens have also been used to increase faecal 
continence.” 


Patients and methods 


Three boys aged 6-9 years with corrected high anal 
atresias are already being treated. 

An electromyograph is connected to the child by 
geltrode self adhesive pads and relays electrical 
signals produced by muscular activity. The signals 
are conveyed to a computer by connecting leads and 
a junction box that matches the signal to the 
computer's needs and protects the child against any 
shock hazard. The computer is a BBC Model B and 
provides audiovisual feedback. A disk system stores 
the program. Muscle activity, as a function of time, 
is traced on the screen at an adjustable predeter- 
mined speed. Increasing muscle activity is indicated 
by a rising trace and decreasing activity by a falling 
trace.” Each program can be fully adjusted instantly 
to the requirements and capabilities of the child. 
Some programs used are as follows. 


Shape. The target pattern is made up of two 
horizontal parallel limes. The child endeavours to 
keep the trace above the lines by contraction of his 
pelvic floor musculature. This is performed on each 
visit and a printed report kept of the child’s 
performance. Although we are aware that differ- 
ences in exact location of sensors and skin condition 
between sessions means this is not a reliable 
comparison, it is a useful tool for encouraging the 
child and his family as an improvement in his 
performance, as measured by the trace, occurs. 


Engines. Images of train engines are drawn on the 
screen. Appropriate muscle contraction is rewarded 
by an auditory signal ‘toot-toot’ as the trace hits an 
engine. 


Tennis. A man moves up and down tae left hand of 
the screen serving balis that are returned if hit by a 
bat controlled by the child. Contracting muscles 
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Table Details of the three cases with high anal atresia before and after computerised biofeedback 


Rectal sensation 


Staining of anus 


Continence 


Age No of 
Before 


Case 


No 


treatments 


(years) 


Before 


Always aware of sensation of 
oncoming stool 


Usually aware of sensation of 


stoci 
stool 


No sensation of oncoming 
stool 


No sensation of oncoming 


staining 


Occasional 


Occastona! accidents. 

No continence aids at weekends 
Occasional mali accidents. 
Occasional smal) accidents. 
Only wearing continence 





major accidents 
ents 


No control. Frequent 
major accidents 


major 


No control. Frequent 


No control. Frequent 


1t 
9 
11 
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moves the bat upwards and relaxing muscles down- 
wards. 


Monkey. A mechanical toy may be switched on and 
off by the computer switching as a result of muscle 
contraction. 

On his first visit the child is shown how the 
computer works, using sensors on the forearm 
muscles to show that it is painless and can be fun. 
Terms that each child understands are used. He is 
then assessed as to the amount of voluntary activity 
around his perineum and also the extent to which he 
simultaneously uses other muscle groups. He is then 
placed in a position that counteracts these additional 
movements. Two sensors are placed as close as 
possible laterally to the anus. The muscles are 
susceptible to fatigue so the child is treated for short 
periods once weekly, the active phase of treatment 
being about 10 minutes. Encouragement is given for 
practice at home. 


Results 


In conjunction with psychological methods and a 
multidisciplinary approach this technique has 
achieved a high level of success. Initially, the 
children were referred with excoriation of their 
perineums, which were difficult to keep clean, and 
had poor motivation to be continent. ‘Treatment has 
resulted in healthy perineums, and the children are 
now motivated to do well, both competitively with 
the computer games and at home between treat- 
ments (Table). As the internal sphincter is mainly 
concerned with prevention of soiling this is likely 
always to be present, but these children can now 
successfully pass a stool, having sensed its presence, 
in the lavatory, and are no longer wearing conti- 
nence aids all of the time. The parents are extremely 
pleased with the success of the treatment so far. 


Discussion 


This method involves teaching awareness of the 
pelvic floor, strengthening muscular responses, and 
teaching when to contract the muscles. The children 
enjoy their treatment and remain enthusiastic. The 
anatomy of normal continence is disturbed, but we 
believe that our treatment will speed up the usual 
continence acquiring process in this group of chil- 
dren. 
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Changing demography of trisomy 18 


I P YOUNG, J P COOK, AND L MEHTA 





SUMMARY The incidence of trisomy 18 in Leicester- 
shire during the years 1980-85 inclusive was one in 
3086 births. Eleven of the 21 babies born with 
trisomy 18 in this period were delivered by caes- 
arean section. Median and mean periods of survival 
were 2-5 and 22 days, respectively. 





annene RE NR a a aa e e ee ae t 


Pasents who have had a child with a serious and life 
threatening disorder such as trisomy 18 (Edwards’ 
syndrome) often seek information concerning its 
local demography and likely prognosis. Experience 
of trisomy 18 in Leicestershire over the last six years 
suggests that this disorder is more common than 
gererally recognised and that the pattern of survival 
is changing. 


Patients and methods 


Data for the years 1980-85 inclusive concerning all 
cases of trisomy 18 delivered in Leicestershire plus 
these terminated after diagnosis at amniocentesis 
were obtained from the records of (1) the Leicester- 
shire perinatal mortality survey, (2) all local neo- 
natal units, (3) the clinical genetics service, and (4) 
the cytogenetics units in Leicester, Nottingham, and 
Sheffield. The maternal and paediatric records of all 
cases were obtained and family visits were con- 
dueted after approval by the local ethical committee 
to obtain full details of family pedigrees. 


Results 
Incidence. Twenty three cases were ascertained 


(niae male and 14 female), of which two were 
terninated after diagnosis at amniocentesis. When 


artment of Child Health, Leicester Royal Infirmary, Leicester 


these two cases are included the incidence during 
the study (total births 70 985) is one in 3086 births. 


Obstetric data. Hydramnios was noted during the 
third trimester in 11 of the 21 pregnancies. Mean 
gestation at delivery was 36-7 weeks. Eleven of the 
21 babies were delivered by caesarean section, 
electively in four cases because of intrauterine 
growth retardation and poor placental function and 
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by emergency in the remaini 
fetal distress during labour. 


g seven because of 


Clinical and genetic data. M 
head circumference at birth were 1580 g, 41-9 cm, 
and 30-4 cm, respectively. Mean (SD) parental ages 
at birth were 30-02 (7-63) years for fathers (mean 
paternal age for all births in England and Wales in 
1982==29-63 years; t=0-245, p=0-5) and 28-56 years 
for mothers (mean maternal age for all births in 
England and Wales in 1982=26:37 years; t=1-32, 
p=0-1). Six mothers were aged over 35 years at the 
time of delivery. 

In each case the diagnosis was suspected at or 
shortly after birth and was confirmed as full trisomy 
18 by conventional G banded karyotype. Median 
and mean survival were 2:5/and 22 days, respect- 
ively. The range of survival was from 45 minutes to 
18 weeks. One third of the|babies died within 24 
hours, and two thirds died within the first five days 
(Figure). Necropsy was performed in nine cases, 
revealing congenital cardiac abnormality in eight 
and tracheo-oesophageal fistula with oesophageal 
atresia in four. 


weight, length, and 


Discussion 


unexpected observations. 

Firstly, the incidence of |1 in 3086 births was 
higher than that noted in surveys of comparable 
size. An early study of the incidence of trisomy 18 
found three cases in a consecutive series of 10 345 
births occurring in a hospital 1 in Wisconsin, giving an 
incidence of roughly 1 in 3500.' Larger surveys have 
suggested lower incidence we of around 1 in 


This retrospective survey of Le 18 vielded three 


5000 to 1 in 7000 births.” > We have no explanation 
for the higher incidence nated in Leicestershire, 
which showed no clear temporal, geographical, or 
social class clustering. 

Secondly, the incidence adver by caesarean 
section, which was performed in 11 of the 21 cases, 


x 


was high. This confirms a previous report* and 
illustrates the potential value of developing a safe 
means for rapid fetal karyotyping during the third 
trimester for cases in which a severe fetal abnor- 
mality is suspected because of intrauterine growth 
retardation or hydramnios, or both. 

Finally, the data derived in this study indicate that 
the pattern of survival in trisomy 18 is changing. It 
was noted 20 years ago that over 80% of trisomy 18 
babies survived for at least two weeks, with 50% 
surviving for at least two months.” A more recent 
study of cases born during the years 1972-82 in 
Queensland yielded median and mean life expect- 
ancies of five and 48 days respectively,” compared 
with values of 2-5 and 22 days obtained in this study. 
This tendency towards shorter survival may be 
explained by changing patterns of patient manage- 
ment associated with early diagnosis. For those 
involved in counselling parents of a neonate with 
trisomy 18 it is important to remember that survival 
into childhood and beyond has been noted on rare 
occasions.° 


The authors are grateful to Professor M Clarke, Doctors P Cooke, 
D P Duckett, M I Levene, K Simpson, and P G F Swift, and Mr 
A M Potter for providing access to details of cases. 
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Implantable subcutaneous venous catheters 


H E MCDOWELL, C A HART, AND J MARTIN 
Department of Oncology and Haematology, Alder Hey Children’s Hospital, Liverpool 


SUMMARY ‘Twelve totally implantable subcutaneous 
cencral venous catheter systems were used in 
paediatric oncology patients. Complications were 
few—namely, blockage and four infective episodes, 
all of which were successfully treated. Infective rate 
was 0-189 episodes per 100 days’ use, which is 
substantially lower than that reported with other 
ceniral venous catheters. 


The problems of long term venous access in 
pat.ents, particularly children, who are receiving pro- 
longed or intensive chemotherapy are well known. 
Tuanelled central venous catheters were introduced 
in en attempt to circumvent these problems.* * Such 
catheters are liable to be colonised by skin micro- 
organisms, such as coagulase negative staphylo- 
cocci, and can result in serious infection, especially 
in mmunocompromised patients.° 

For the last year a totally implantable sub- 
cutaneous central venous catheter and portal with a 


_ selt sealing septum for hypodermic needle entry 


(Pcrt-a-Cath) has been employed in managing 
chi.dren with malignant disease. We have analysed 
our experience, particularly in relation to the 
number of infective episodes, patient acceptability, 
and complications necessitating removal. 


Meterials and method 


Th2 system. The Port-a-Cath system (Pharmacia) 
consists of a silastic catheter, which is inserted 
usally through the subclavian vein into the superior 
vena cava. The catheter is connected distally to a 
metal reservoir, which has a self sealing septum on 
the top (Figure). The whole system was implanted 
subcutaneously under general anaesthesia by one of 
two surgeons. Access to the system is a sterile 
procedure, using a Huber point needle, which is 
pushed through the subcutaneously placed self 
seeling septum. The system can be used from the 
dav of insertion and was in several of our patients. 
Méeintenance of the system consists of monthly 
heDarinisation, which was carried out by ward staff 
certified to give intravenous treatment. Before use, 
the system was flushed with Hepsal (Hepsal, Wed- 
de Pharmaceuticals Ltd), any blood samples that 


were required were obtained, and then reflushed 
before connecting to a continuous infusion. The 
system was used for sampling, to acminister che- 
motherapy, continuously or by bolus, and for 
delivery of blood or blood products. 


Complications. Complications related to the main- 
tenance and use of the systems were recorded both 
by unit staff and by parents. All febrile episodes, 
defined as a temperature reading 238°C, were 
investigated by blood cultures both from the cath- 
eter and a peripheral site. Infections related to the 
catheter were defined as febrile episodes when 
micro-organisms were recovered from the catheter 
or when pus was obtained from the site of insertion 
of the Port-a-Cath. 


Results 


During the study 12 children had a system inserted. 
Their ages ranged from 1 to 6 years (median 114 and 
mean 244 years), and they were being treated 
for acute leukaemia (five cases), neuroblastoma 
(three), embryonic sarcoma (two), aplastic anaemia 
(one), and chronic haemolytic anaemia (one). The 
indications for implanting the system were all 
children treated in the Oncology Unit at Alder Hey 
Children’s Hospital under 4 years of age who were 
to receive prolonged chemotherady; or older 
children who required frequent venous access whose 
home circumstances or behaviour favoured a sealed 
subcutaneous system. There was only one such older 
child in our study. 





Figure The Port-a-Cath system, showing the inserted 
silastic catheter connected distally to the metal reservoir, 
which has a self sealing septum on top. 
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To date, catheters have been in situ for a total of 
75-75 patient months, ranging from one to 14 
months (mean 6-3 months). Each system was in 
regular use until treatment was completed. Com- 
plications have been few. One child developed 
hypofibrinogenaemia at the time of insertion and 
subsequently a haemothorax, which required drain- 
age. This was considered to be secondary to her 
tumour and chemotherapy, rather than due to 
insertion of the catheter. Blockage in the system was 
the problem most commonly encountered, occur- 
ring in 10% of infusions, but this was always 
resolved by flushing or changing the Huber needle. 
Total blockage requiring removal of the system has 
not been experienced. 

Eighteen febrile episodes occurred during the 
study, 13 when patients were neutropenic. In four of 
the episodes micro-organisms were isolated from the 
catheter and in three of these also from peripheral 
blood. On three occasions coagulase negative 
staphylococci were isolated and on one Candida 
aibicans. All were successfully treated with appro- 
priate antibiotics. A focus of infection not related 
to the catheter was found in five other febrile 
episodes, and the remainder were apparently non- 
infective. This represents an infection rate of 0-189 
episodes per 100 days of catheter use. 

Only one system required removal during use. 
This child had coagulase negative staphylococcal 
bacteraemia that was treated successfully. The 
system required flushing and replacement of the 
needle on several occasions and was compounded by 
the need for prolonged and repeated access at the 
same skin point of entry. Wound sepsis developed 
over the reservoir with a purulent exudate. On 
exploration of the chest wall site the reservoir was 
found to be surrounded by a pool of sterile pus and 
the system was removed. The line was cultured but 
was sterile. No other children had wound break- 
down, malposition, or breakages. 


Discussion 


The use of tunnelled central venous catheters as 
an effective and safe way of giving prolonged 
chemotherapy and supportive care in paediatric 
patients has been advocated.* Such lines, however, 
are not without their problems. 

A recent survey from Bristol described experi- 
ences with 49 Broviae or Hickman indwelling central 


venous catheters inserted in 36 children.* These 
patients were comparable with ours in terms of age, 
group of diseases being treated, and chemotherapy 
used. Twenty nine episodes of infection were 
encountered and on 21 occasions the catheter was 
removed for non-elective reasons, each catheter 
having an average life of 2-9 months. This represents 
an infection rate of 0-68 episodes per 100 days of 
catheter use. 

The Port-a-Cath system has been developed to 
circumvent this problem and has been shown to 
achieve this successfully in our study. The infective 
episodes were significantly less (p<0-02) com- 
pared with that reported by Darbyshire and col- 
leagues’ and the necessity to remove systems 
an uncommon event. Patient acceptability was 
excellent, discomfort of the wound site only occurring 
in one patient after insertion, and this settled after 
three days. Parents were pleased with the cosmetic 
results. Maintenance of the system is less often 
required than Broviac or Hickman lines, although 
the ideal frequency for all systems has not been 
determined. Two patients in the study had had 
Broviac catheters inserted already (two and one, 
respectively), two of which had been pulled out by 
the patients and the third of which had become 
infected, reflecting our general difficulties with 
Broviac and Hickman lines in this very young age 
group. We, therefore, routinely insert Port-a-Cath 
systems in young children less than 4 years who 
require prolonged venous access. 
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‘Near miss’ sudden infant death and obstructive apnoea 


K ? DUNNE, M MCKAY, AND T G MATTHEWS 
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SUMMARY A 4 month old girl presented with a 
‘near miss’ sudden infant death episode for which no 
cause was found. Obstructive sleep apnoea syn- 
drame subsquently developed. All symptoms ceased 
after adenoidectomy at age 9 months. 


‘Near miss’ sudden infant death syndrome (SIDS) is 
a Ciagnosis based on a history of a child found 
apparently lifeless and requiring vigorous resuscita- 
tiom to revive him. Investigations fail to reveal a 
corvincing cause. Obstructive sleep apnoea syn- 
dreme in children and adults is rarely diagnosed in 
the United Kingdom compared with the experience 
of the United States.’ We report a case of ‘near 
miss’ SIDS who subsequently developed obstructive 
sleep apnoea syndrome. 


Case report 


A 4 month old girl was admitted for evaluation after 
an unexplained apnoeic episode (lasting 15-20 
seconds) at age 11 weeks. While awake, she 
sucdenly became apnoeic and stiff, and the mother 
thcught she was about to die. There was no history 
of difficulty in breathing or struggling. She was 
resuscitated by vigorous back slapping and was 
normal in a few minutes. There had been no 
previous episodes and her breathing was otherwise 
no~mal. She was the third child, a full term normal 
deavery with birth weight 3300 g and length 50 cm, 
after an uneventful pregnancy. There were no 
neonatal problems. Both the child’s mother and 
grendfather had had tonsillectomy and adenoidec- 
tomy as children and the grandfather still snores. 
There was no family history of SIDS. 

Clinical examination yielded normal results, ex- 
cept that weight (5-28 kg) and length (58-1 cm) were 
bozh-less than 10th centile. All investigations (full 
bleod count, electrolyte and calcium concentrations, 
electrocardiogram, and _ electroencephalogram) 
yielded completely normal results. Overnight car- 
diorespiratory monitoring (512 Neonatal monitor, 
Ccrometrics Medical Systems Inc) showed oc- 
casional periodic breathing but no prolonged 
ep.sodes of apnoea (>15 seconds) or bradycardia 
(<90 beats/minute). End tidal carbon dioxide in 


quiet sleep was 5-0 kPa and her end tidal carbon 
dioxide on breathing 12% carbon dioxide could be 
raised to 7-5 kPa before arousal from sleep. She was 
diagnosed as a case of ‘near miss’ SIDS and received 
no treatment but was kept under regular opangni 
review. 

There were no further attacks, but from age 6 
months her mother became increasingly concerned 
with the child’s breathing when asleep. She had 
intermittent snoring and, despite no medical back- 
ground, the mother gave a clear history of episodes 
of complete upper airway obstruction. The child 
would go quiet, the chest would move up and down, 
but no air was going in ‘as if some one was pinching 
her nose’. Typically, the infant then started to cry, 
took a few deep gasping breaths, and woke up. This 
occurred two to three times a night initially, 
becoming almost continuous when she was seen in 
the outpatients ward at 8 months, causing total 
disruption of sleep for mother and child. There was 
no history of sweating with these episodes. 

Examination revealed a normal child (weight 7-25 
kg (<10th centile), height 64-0 cm (<3rd centile)) 
with no signs of right ventricular hypertrophy and no 
evidence of upper airways obstruction when awake. 
Investigations included a normal electrocardiogram 
and chest x ray film, but a lateral reck x ray film 
showed adenoidal hypertrophy. Cardiorespiratory 
monitoring was not repeated. After discussion with 
the parents laryngoscopy and bronchoscopy were 
performed under anaesthesia, proceeding to ad- | 
enoidectomy when this confirmed pronounced ad- 
enoidal hypertrophy. Since the operation she has 
had no ‘near miss’ épisodes and her breathing is 
normal. At age 1 year her height is now 73-3 cm and 
weight 8-80 kg (both 10th to 25ta centile) and 
physical examination and development i is completely 
normal. 


Discussion 


Obstructive sleep apnoea syndrome remains an. 
uncommon diagnosis in medical practice in the UK. 

The pathophysiology of the syndrome is not certain, 
but floppy laryngeal walls combined with narrowing: 
of the nasopharyngeal airway—fo- example, by 
adenoidal enlargement—may predispose to upper 
airway collapse.’ Chronic obstructon may cause: 
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apnoea, hypercapnoea, and) hypoxia. Cor pulmo- 
nale, neurological deficits, learning difficulty, fail- 
ure to thrive,? and short stature? may result. 

Adenoidectomy results in a ‘Catch up’ of weight and 
height? °? as in our patient. The fact that questions 
about sleep or sleep problems are not as yet part of 
the routine medical questioning may partly explain 
this clinical ‘blind spot’. Even though all cases are 
symptomatic, however, ther 
delay in referral.” Clinical examination when awake 
may yield completely normal results, and it is 
important to assess the child when asleep. 

The association between fnear miss’ SIDS and 
the subsequent development of obstructive sleep 
apnoea syndrome is a rare one, and to our knowl- 
edge there are only 12 reported cases (including one 
child who died of SIDS), all published in the US.** 
The connection is unclear, b t Guilleminault postu- 
lates that a small posterior ay at the level of the 
tongue may predispose to apnoea and this may be 
familial. In-our case there was no history or clinical 
evidence of airway obstruction in the initial ‘near 
miss’ episode. The initial polygraphic recording was 
normal but does not reliably exclude airway obstruc- 
tion in the absence of data relating to nasal air flow. 
The association is, however, important. Obstructive 
Sleep apnoea syndrome must be excluded as a 
treatable cause of ‘near > SIDS. A thorough 

history, examination of the child when asleep, and a 
lateral neck x ray film are essential as well as 
cardiorespiratory monitoring. It must be noted, 
however, that a negative lateral neck x ray does not 
exclude adenoidal hypertr phy. An otorhino- 
laryngological examination is mandatory if obstruc- 
tive sleep apnoea is suspected on history. 

Obstructive sleep apnoea is one possible cause for 


is often considerable 






the failure to gain weight sometimes noted before 
deaths through SIDS. Guilleminault noted four 
siblings had died from SIDS in the five families 
described with a small posterior airway.° Such an 
association is speculative and obviously does not 
explain most cases of SIDS. Physicians must be 
aware, however, that children with ‘near miss’ SIDS 
may subsequently develop obstructive sleep apnoea 
and that this can occur at an early age. Further 
follow up studies may show that this association is - 
more common than had been previously thought. 


We thank Mr Collins (Consultant Ears, Nose, and Throat Surgeon) 
and Miss Audrey Dixon. Dr K Dunne is funded jointly by the 
Friends of the Rotunda and the Irish Sudden Infant Death 
Association. 
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Annotations 


The sweat test 


A request to the biochemistry laboratory for a 
‘sweat test’ usually implies the measurement of the 
sw2at sodium and chloride concentration or osmo- 
lalty to support or refute the diagnosis of cystic 
fibrosis. 

The increased concentration of electrolytes in the 
sweat of patients with cystic fibrosis was first 
described by Sant'Agnese et al.' The routine 
estimation of sweat electrolytes became a practical 
proposition after the introduction of the pilocarpine 
ioatophoresis method for stimulating the production 
of sufficient sweat for reliable electrolyte esti- 
mations.” Previous methods of sweat collection— 
enclosing the limb in a plastic bag, overnight 
colections onto weighed pads, and even heating the 
whole patient—were less satisfactory and the last 
pctentially dangerous. 

The sweat test is a most valuable and relatively 
specific investigation to support the diagnosis of 
cystic fibrosis. Unfortunately, the test is performed 
badly at times and erroneous results, usually false 
hizh values of sweat sodium and chloride, have 
resulted in appreciable overdiagnosis. If false posi- 
tire results are accepted uncritically by the clinician 
investigating a patient whose symptoms and signs 
suggest the diagnosis it is possible that cystic fibrosis 
w Il be incorrectly diagnosed. There is now consider- 
able evidence that such mistakes are not rare.” 
There are many other patients who are eventually 
ccrrectly diagnosed only after serious difficulties 
have occurred in arriving at the diagnosis; not least 
of the problems has been the reliability of the sweat 
test. 

There are two important aspects to a sweat test. 
Tne first is the collection of an adequate weight of 
tre patient’s sweat to permit accurate analysis of the 
electrolyte content. The second is the correct inter- 
p-etation of a reliable estimation of the sweat 
electrolyte concentrations in the light of the patient’s 
ase, clinical findings, and additional investigations. 


Seveat collection 


Collection of an adequate weight of sweat is usually 
facilitated by the prior iontophoresis of pilocarpine 
iato a small area of forearm skin. Sweat is collected 
from this pretreated area onto a weighed pad 
applied below a waterproof covering. This classical 
method of Gibson and Cooke is still used in most 
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laboratories.” The weight of the pad and thus the 
sweat is known and the electrolyte content and 
concentration can be estimated. Volumes over 50 
mg are necessary for accurate estimations, and 
ideally 100 mg should be obtained. 

The technical details are of paramount import- 
ance and the test has the potential for numerous 
errors. There may be contamination of the skin, 
instruments, or collecting apparatus or evaporation 
of the sweat from the pad from inadequate seals. 
Problems with dilution of the sweat specimen should 
be avoided by adequate laboratory quality control. 

An alternative method of collection of sweat from 
stimulated skin uses the Macroduct, which is a 
concave plastic disc with a central small aperture 
leading to a spirally configured transparent fine 
plastic tube; the sweat can be observed travelling 
along the tube as it collects.* ° 

An alternative to collecting sweat is to estimate 
the chloride content of the sweat in situ using a 
chloride sensitive electrode." In practice this method 
is not recommended and, in our experience of 
patients referred to our unit, is associated with 
frequent errors when used by routine laboratories. 

There is no place for semi-quantitative screening 
tests: if cystic fibrosis is suspected a formal sweat 
test should be performed. 

Thus adequate sweat collection involves obtaining 
at least 50 mg, preferably 100 mg, of the patient’s 
sweat, avoiding contamination, evaporation, or 
dilution errors, permitting an accurate estimation of 
the true sweat electrolyte concentration. 


Interpretation of sweat electrolyte values 


The interpretation of the sweat electrolyte results is 
usually straightforward; virtually all mistakes result 
from the incorrect determination of the concentra- 
tion of sweat electrolytes. 

There is excellent separation of the sweat electro- 
lyte concentrations of patients with cystic fibrosis 
and unaffected individuals;’ although obligate 
heterozygotes have intermediate values, the differ- 
ences are not sufficient to allow their identification 
in the general population. In cystic fibrosis the sweat 
sodium and chloride values are above 60 mmol/L. 
with a mean of around 100 mmol/l, whereas in 
unaffected individuals the mean is around 30 
mmol/l. Five to 10% of normal adolescents and 


adults, however, have values Jea than 60 mmol/}— 
that is, in the lower cystic fibrosis range; further- 
‘more, an occasional patient pill have sweat electro- 
lytes within the normal Tange. 

Sweat electrolyte valu 
range, between 60 and 80 
the practical difficulties. 
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above the normal 
ol/fl, usually cause 
e usual response of 


. the clinician and biochemist! to such raised values - 


is to repeat the test on a number of occasions. 
In some patients the first |raised values will be 
revealed as an obvious laboratory error and sub- 
sequent values will fall well ithin the normal range. 
In many individuals—usually older children and 
adolescents—there will be genuine sweat electro- 
lyte values, however, of over 60 mmol/l—that 
is, definitely outside the accepted normal range 
and within the lower range lof values for patients 
with cystic fibrosis. Such results require careful 
evaluation, for the repeated sweat tests have usually 
caused considerable snxiety for the patient and 
parents. 

Other conditions in which e are high concen- 
trations of sweat electrolytes: should be considered, 
but they are rarely the cause of the abnormal 
result—for example, adrenal insufficiency, glucose- 
6-phosphate deficiency, nephrogenic diabetes insipi- 
dus, hypothyroidism, mucopolysaccharidosis, mal- 
nutrition, anorexia nervosa, fucosidosis. ectodermal 
dysplasia, glycogen storage disease type I, nephro- 
sis, Mauriac syndrome, familial cholestasis, and 
familial hypoparathyroidism.* 

The relation of the sodium to the chloride value is 
helpful, for if a marginal result is from a normal 
individual the sodium is usually higher than the 
‘chloride value. Furthermore, the sum of the sodium 
and chloride values usually lies below 140 mmol/l. In 
patients with cystic fibrosis with the marginal results 
the chloride is usually higher than the sodium and 
the sum of sodium and chloride values is usually 
greater than 140 mmol/l.'° Our own data would 
support the value of these simple yet valuable 
observations." | 

Further evaluation of marginally raised sweat 
electrolyte concentrations involves repeating the 
sweat, test after giving oral 9a-fludrocortisone, 3 
mg/m? daily, for two days. There is a greater fall of 
sweat electrolytes in normal than in affected indi- 
viduals. The test has been'evaluated in a few 
children’? and also in adults.'*'Further evaluation of 
this test is needed, but impressive falls in the sweat 
electrolyte concentrations certainly do occur-in 
unaffected individuals. 

Further confirmation that marginally raised elec- 
trolyte values are not due to cystic fibrosis involves 
tests other than estimation of sweat electrolytes. 
. These additional investigation$ have been reviewed 


elsewhere and include the exclusion of both malab- 
sorption and a pancreatic lesion. ** 


Basis of diagnostic mistakes 


Misdiagnosis of cystic fibrosis has usually followed 
one or more false positive sweat tests with subse- 
quent uncritical acceptance of the results by the 
clinician; also there has usually been a failure to 
show either intestinal malabsorption by faecal fat’ 
estimation or any evidence of a pancreatic lesion. 
Such diagnostic mistakes are serious and it is 
suggested that patients. considered to have cystic 
fibrosis who have no evidence of a gastrointestinal 
lesion should be referred to a cystic fibrosis centre to 
confirm or refute the diagnosis. 


Conclusion 


The sweat test remains one of the most important 
and specific examinations currently affected by the 
biochemistry laboratory. The test should be carried 
out on children with recurrent descending respira- 
tory infections, unexplained failure to thrive, recur- 
rent vomiting, chronic liver disease, rectal prolapse, 
nasal polyps, pancreatitis, and malabsorption. 

The practical difficulties and common problems in 
carrying out the test should be remembered, and 
only experienced laboratory staff should perform 
the test. In patients who have caused diagnostic 
problems and where the sweat electrolyte values are 
marginal the clinical team and laboratory facilities of>-: 
a cystic fibrosis referral centre should assist with the _ 
diagnostic problem by showing malabsorption and 
the presence, or absence, of a pancreatic lesion by 
non-invasive methods, but, if necessary, by a 
stimulated pancreatic function test. Individuals 
who have marginal rises in sweat electrolytes that 
return to the normal range after 48 hours of 
9a-fludrocortisone and in whom there is no evidence 
of either malabsorption or a pancreatic lesion do not 
have cystic fibrosis. 

It must be re-emphasised that the implications of 
a positive test are so serious that the investigation 
should only be performed by experienced laboratory 
staff. The clinician should never diagnose cystic 
fibrosis on the result of one, or even two, sweat tests 
but only on the results of these tests in the context of 
the overall clinical picture. 
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The intrauterine hazards of twins 


Society. is intrigued by twins, and twin children are 
often the focus of admiring attention. It is not 
surprising that most parents are proud when they 
hear that twins are on the way. Many, however, will 
be disappointed: a large proportion of these parents 
will never produce the two healthy babies for which 
they hope. 


The vanishing twin 


The outcome of many twin pregnancies is a single- 
ton infant. In at least 50% of|twin pregnancies one 
fetus is lost, the majority in the first trimester—the 
vanishing twin syndrome.! It is only since the advent 
of ultrasound that many of these second fetuses have 
been detected at all. Now that twin pregnancies are 
detected very early the question arises about 
whether to tell the parents immediately and risk a 


later disappointment. Many parents say they would: 


prefer to know. 

For those twins who surviye the first trimester 
there are still many hazards, all of which contribute 
to the high perinatal mortality and long term 
morbidity associated with multiple births. 


Growth retardation 


The average weight of a newborn twin is about 800 g 
less than a singleton, but if allowance is made for 
gestational age the discrepancy is reduced to 500 g. 
The difference in the rate of growth increases 
through the pregnancy. The growth of the human 
fetus is influenced by litter size] and the deceleration 
that occurs at about 36 weeks in singletons takes 
place correspondingly earlier|/in twins and higher 
multiple births. 

Even when allowance is made for their slightly 
shorter gestation monozygotic twins are lighter than 
dizygotic ones. Nor can this be wholly explained by 
the reduced efficiency of a monochorionic placenta 
because dichorionic ve aaa twins also appear 
lighter than their dizygotic counterparts.* A variety 
of explanations has been proposed for the different 
growth rates in the two types of twins, including the 
effects of events in early embryonic development 
when the cell mass is reduced by division, the 
possible beneficial effect that lantigenic differences 
between dizygotic twins may have on intrauterine 
growth, and maternal factors, such as greater height 


| 


and higher hormone concentrations in dizygotic 
mothers.? 

Discrepancies in birth weight are commoner and 
larger within monozygotic pairs. This is mainly due 
to the fetofetal transfusion syndrome. Eccentric 
insertion of the umbilical cord or, in dichorionic 
‚pairs, differing sites of implantation of the placenta 
may also affect the rates of fetal growth. 


Congenital anomalies 


It is now generally agreed that congenital anomalies 
are more common in twins than singletons but that 
this increase is probably limited to monozygotic 
twins.’ Several reasons for the increased risk among 
monozygotic twins have been proposed. These 
include, firstly, the less favourable environment of a 
shared placental circulation; secondly, the disrup- 
tion. of the developmental genetic clock of the 
embryo caused by the zygote division, making the 
monozygotic embryo more susceptible to subtle 
environmental agents; and, thirdly, that monozy- 
gotic twinning may in itself be a form of con- 
genital malformation. 

In addition to anomalies specific to twinning such 
as conjoined twinning and acardia, there are some 
conditions that seem to have a particularly high 
incidence in twins. These include oesophageal atre- 
sia, single umbilical artery, and some chromosome 
anomalies, such as Klinefelter’s and Turner’s syn- 
dromes. These like many other anomalies may occur 
in only one of a monozygotic pair. 


Fetofetal transfusion syndrome 


One in four pairs of twins share a fetal blood 
circulation. In many instances these monochorionic 
twins harmoniously share a ‘third circulation’ with- 
out apparent ill effect. For some, as in the fetofetal 
transfusion syndrome, the results may be disastrous. 

When no superficial anastomoses are present on 
the placenta to compensate for the deep arteriove- 
nous blood flow a chronic haemodynamic imbalance 
may develop and continue for many months, causing 


. not only unequal growth of the fetuses but anaemia- 


and polycythaemia of such severity as to cause death 
to one or both fetuses. The poor growth of the 
donor is due to the loss of nutrients together with 
the haemogiobin to the cotwin. There may also be 
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reduced maternofetal transfer of nutrients and of 
immunoglobulin G across the grossly abnormal and 
oedematous placenta.‘ Size and maturity of the fetal 
organs may differ even more strikingly than body 
size.” 


Intrauterine death 


Aout twice as many twins are stillborn as single- 
toas. This is partly due to the problems already 
described. In other cases the life of one fetus may 
have to be deliberately risked where, for example, 
am induced premature delivery would jeopardise the 
chances of survival for the healthier twin, as in the 
case of discordant blood group incompatability. 
Most twins survive the intrauterine death of their 
cotwin, physically at least, unharmed. In monochor- 
ionic twins, however the survivor may have severe 
problems from disseminated intravascular coagula- 
ticn. If one fetus dies early in the pregnancy emboli 
may disrupt the development of the survivor. Some 
congenital anomalies, such as cerebral abnormali- 
ties, aplasia cutis, and intestinal atresia, may be 
caused by. such ischaemic insults in a twin 
pregnancy.® The presence of a fetus papyraceus or a 
macerated stillborn twin in a monochorionic preg- 
nancy should always alert the paediatrician to the 
pessibility of a structural defect in the survivor. 


The loss of a twin 


It is not-known how much the early loss of a twin 
fezus may affect the mother or indeed the single 
survivor. There is evidence that at least some lone 
twins have personality problems that could be 
re ated to the loss of their twin partner. It may be 
more important than now realised that both the 
‘mother and the surviving child are made aware of 
thz twinship and are offered appropriate support in 
ccming to terms with their loss. 

In a dichorionic multiple pregnancy where one 
fe-us is abnormal the new option of selective feticide 
is now available ‘to parents who would otherwise 
have to choose between terminating the pregnancy 
despite the sacrifice of a normal baby or continuing 
the pregnancy while knowingly carrying an abnor- 
mal child. Couples who undergo selective feticide 
mast cope not only with their bereavement but also 
with the stress of carrying a dead fetus for many 
weeks and later of explaining to the surviving twin 
what has Happened 
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It is now recognised that parents who have a 
stillborn twin face very particular problems.’ They 
have to experience the joy of a new baby and the 
tragedy of a death simultaneously. Because they still 
have a live infant their loss, if acknowledged at all, is- 
usually greatly underestimated. They are encour- 
aged to attend to the live baby and often discour- 
aged from talking about the dead baby. This cari 
lead to unresolved mourning, the idéalisation of the: 
dead child, and sometimes to a definite rejection of 
the survivor. Such parents may have difficulty in 
distinguishing the two babies in their minds. Some 
may feel the dead one never existed—a fantasy 
baby. Substantive memories, such as photographs or 
even an ultrasound scan showing the two babies. 
together, can help to clear the emotional confusion. 
Naming the baby not only helps to distinguish the- 
babies but later makes it easier when talking to the 
surviving child about his twin. 

It should also be recognised that the parents have 
in the survivor a lasting reminder of the child that 
might have been. Birthday celebrations are coupled 
with painful memories of the death. All parénts. 
should be offered expert counselling not only during 
their own bereavement but later if they have to cope: 
with the often complex feelings of a child deprived. 
of its close partner. 
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Current state of theophylline in asthma. 


Until about 1975 theophylline was used in this 
country for the treatment of asthma almost exclu- 
sively as intravenous aminophylline. With the intro- 
duction of oral preparations theophylline came onto 
the market to compete with the beta agonists, 
sodium cromoglycate and beclomethasone. Their 
introduction was also coincident with the age of the 
clinical triat—some would say the age of the poor 
clinical trial—and theophylline has been compared 
with almost every other drug for asthma in what 
seems to be every possible permutation. Those who 
have escaped involvement in the trials will not have 
escaped the marketing. In this country there are no 
fewer than five slow Telease,,two liquid, and two 
tablet preparations suitable for children. As not all 
are 100% theophylline dosage; when translated into 
patient oriented language of mls and pills, becomes 
an exercise of memory and arithmetic. 


Does theophylline work? 


There is no doubt that theophylline is an efficient 
bronchodilator, but how it works is unknown. It has 
little effect on bronchial responsiveness to non- 
specific agents such as histamine’ and is only 
moderately effective in blocking exercise induced 
bronchospasm.’ In patients with asthma improve- 
ment in lung function is significant when serum 
concentrations reach 5 ug/ml and correlates with the 
logarithm of concentrations between 5 and 20 
ug/ml.” The response is variable between indi- 
viduals. F 


How does theophylline compare with other drugs? 


Studies that have compared theophylline with the 
beta agonists have produced conflicting results. One 
reason for this is the different dosages, duration of 
action, and routes of administration of the prepara- 
tions of beta agonists used. The impression is that 
they compare favourably. Either would be suitable 
when the continuous treatment of asthma with oral 
drugs is considered most appropriate—in very 
young children, for example.*' Certainly, they have 
an additive. effect, a property made use of in the 
hospital management of acute asthma but that can 
also be exploited in the prevention and management 
of acute wheezy episodes as home. It seems sensible 


to start a beta agonist and add theophylline if 
necessary at the beginning of an upper respiratory 
tract infection in a child who is likely to become very 
wheezy. Theo ophylline also compares very well with 
cromoglycate but is.not. as good as beclo- 
methasone.®° In some patients with particularly 
troublesome asthma the addition of theophylline to 
beclomethasone will improve control. Many 
patients may be satisfactorily controlled during the 
day on whatever treatment but are still disturbed by 
nocturnal symptoms and it is for these that a slow 
release preparation taken before bed may well be 
beneficial.’ 


What value is there in monitoring serum 
concentrations? 


Much has been written about this vexed subject. 
Blood concentrations are easy to measure, and 
recently there has been introduced a fingerprick 
method for bedside use (Acculevel, Syva). This is 
likely to be of most use in planning. aminophylline 
treatment in patients with acute asthma who have 
already taken theophylline. Unfortunately, salivary 
concentrations, under normal circumstances of col- 
lection, do not correlate well enough with serum 
concentrations to be of clinical value. 


Pharmacodynamic uncertainties. Absorption and 
bioavailability of some commonly used preparations 
are severely affected by food in the stomach,” and it 
is possible that factors that affect gastric emptying, 
such as exércise, also affect absorption. The inter- 
patient variation in half life—~1-5-10-5 hours—is 
well known.!° There is also appreciable intrapatient 
variation over a period of one to nine months,” but 
how much variation there is from day to day in the 
paediatric outpatient is unknown. There is evidence 
in both adults and children that timed serum 
concentrations during the elimination phase may 
vary considerably.!2 3 In addition, elimination rates 
are prolonged by many other factors, among them 
the presence of viral infections—notably, influ- 
enza—and treatment with erythromycin.’ 

Thus it seems that single measurements of serum 
theophylline are of little value. Even a carefully 
timed profile of concentrations measured in hospital 
may not accurately reflect the day to day profile in a 
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child who may not have a reproducible day to day 
lifestyle. 


When should a profile of concentrations be measured? 
Dosages of commonly available preparations 
that are most likely to put patients’ concentrations 
within the correct range have been worked out.» 
On such dosages concentrations much in excess of 
20 pg/ml! are unlikely under normal circumstances 
ard in excess of 35 ug/ml, above which life threaten- 
ing side effects can occur, quite improbable. 
Petients whose asthma is satisfactorily controlled in 
ths way—that is, without a profile of blood 


ccncentrations—should be made aware of situations - 


when their concentrations will possibly rise and 
cause nausea—for example, during an upper res- 
picatory tract infection. 

If the dosage does not produce a therapeutic 
result—-that is, the asthma is not controlled—the 
clmician has two choices: he can either admit the 
child for a profile, remembering the difficulties in 
in-erpreting such a profile, and increase the dosage 
if necessary (after which he should logically do 
arother profile) or he can simply change the drug. 
Petients with severe asthma in whom manipulation 
of drugs has failed to effect adequate control are the 
most likely candidates for the ‘tailoring’ of theophy!l- 
lire dosage. Ideally, this should be done under 
ccnditions of diet and activity most resembling those 
of everyday life. 


Se effects 


Severe toxicity in children, with convulsions, coma, 
acd haemorrhage, which can clearly be ascribed to 
th2ophylline, seems to occur only when the usual 
dcse has been exceeded or when aminophylline has 
been given in addition. 

It is the clinical impression that theophylline, even 
when concentrations are below 20 pg/ml, is associ- 
ated with nausea and vomiting. In a double blind 
study comparing cromoglycate with theophylline 
where patients were informed beforehand what side 
effects might occur’ there was surprisingly little 
diference between the two groups in the reporting 
of side effects usually attributable to theophylline, 
al-hough it has to be admitted that the number of 
petients was very small. What is more worrying than 
nzusea or vomiting, which may well stop the patient 
taxing the drug or the clinician prescribing it, is the 
rick of side effects such as changes in concentration 
amd sleep disturbances, which may interfere with 
scaooling and which cannot so easily be attributed to 
th= drug.’® As theophylline is a drug closely related 
to caffeine, which has well described psychotoxic 
side effects in susceptible subjects, it seems on a 
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pharmacological basis that anxieties are not 
unreasonable.!” It would seem to be a matter of 
some importance, if theophylline is to continue to be 
widely prescribed, that the possibility of this side 
effect is more carefully examined. The problem is 
that designing a trial to evaluate such side effects 
properly would be likely to be a very difficult 
undertaking. 


Conclusion 


Although theophylline is an invaluable bronchodila- 
tor in the management of acute asthma, it has many 
limitations when considered for use in the day to day 
management of continuous asthma. Single measure- 
ments of serum theophylline are of limited value and 
it would seem that the tailoring of dosage may nof 
be as straightforward as previously supposed. There 
seems to be sufficient concern about the incidence of 
side effects to suggest that theophylline should not 
be the drug of first choice for the management of 
continuous asthma when other less troublesome 
drugs are available. Theophylline does, however, 
have a clear place as a supplement to other drugs in 
the management of patients with severe asthma and 
in the management of nocturnal asthma when 
symptoms cannot be otherwise controlled. 
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Original articles 


Growth and childhood asthma 


L BALFOUR-LYNN 
Department of Paediatric and Neonatal Medicine, Royal Postgraduate Mecical School, London 


SUMMARY Height and weight were measured every six months in a lang term prospective study 
of 56 children with chronic perennial asthma for a mean 13-1 years. There was no evidence of 
growth retardation on entry into the study. Growth developed along normal lines in all 66 
chi dren until about 10 years, and in 35 of these children growth continued along normal lines 
throughout the whole period of follow up. Thirty children showed the physiological decelerating 
grcwth velocity pattern seen in children with delay in the onset of puberty, and one child had an 
early menarche. The tendency for delay in the onset of puberty was significant for both boys and 
giris and was noted to be independent of severity of asthma. Once puterty finally began in these 
chidren, complete catch up growth resulted in the attainment of the predicted adult height. Long 
tern prophylactic inhalation of beclomethasone dipropionate in 26 children in a dosage up to 600 
mcz/day before puberty and 400 mcg/day during puberty was shown not to affect growth. 
H is concluded that asthma had no direct influence on growth in height but was associated with 
delay in the onset of puberty. The pre-adolescent physiological deceleration of growth velocity 


that occurs in these children gives the impression of growth retardation. 


Since growth retardation in childhood asthma was 
firs: described by Cohen et al in 1940! there have 
been many conflicting views concerning its occur- 
reme. Some workers have noted growth retardation 
only in those children treated -with cortico- 
steroids,* > while others have related it to the 
severity of asthma.‘ ° The observation that bone age 
was retarded to the same extent as height suggested 
that the short stature was associated with develop- 
meatal delay and led to the prediction that these 
chi dren would ultimately grow to normal heights.°® 7 
Ths was supported by Ferguson et al, who also 
noted that short stature was three times more preva- 
len: in children with allergic respiratory disease than 
the general population. They emphasised, 
however, that it was not related to the severity of 
asthma and was equally apparent in children 
sufering from allergic rhinitis only. 

Et is not disputed that growth retardation develops 

in children with asthma treated with regular oral 
ae 10 and it was an important advance 
in “his form of treatment when it was shown that if 
given as a single dose on alternative days adequate 
control of asthma was possible without growth 
impairment.!! Recently, the use of aerosol steroids 
in children has been shown to be effective and safe, 
while allowing children to grow along expected 


lines,'* although this too has been questioned.” 

To clarify the effect zhat the disease and treatment 
has on growth, the opportunity has been taken 
during a long term prospective follow uP study of 
children with chronic perennial asthma‘ to observe 
the growth pattern throughout childhood and 
adolescence of 29 children treated with corticoster- 
oids and 37 children who never received treatment 
with steroids. 


Subjects 


Thirty eight children with chronic perennial asthma 
were seen at six monthly intervals for a mean of 8-9 
years in a prospective study designed to observe the 
relation between childhood asthma and puberty.“ 
Recently, 32 of these patients have been traced and 
their final adult heights and the heights of their 
parents obtained. Of the remaining six patients, one 
had died aged 13-7 years in an acute attack of 
asthma and the other five could not be found. 
A further 28 patienrs who attended the Paediatric 
Asthma Clinic at the Hammersmith Hospital have 
been added to the onginal group. All 28 parental 
heights were known and all were seen at least every 
six months by the author from middle childhood, 
through puberty unt.l reaching their final adult 
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heights. In many it has been possible to review their 
clinic records from an early age, giving a consistent 
follow up of their growth me for nearly 20 
years. Thus mean age of entry to this study for all 66 
children was 7-5 years (1-9-12-1 years) and mean 
age when last reviewed was! 20-6 years (12-8-25-9 
years), giving a mean period of follow up of 13-1 
years. 

The 66 children were grouped as previously;'? 29 
children who could not be !controlled by sodium 
cromoglycate and needed treatment with steroids; 
33 children who could not be controlled by broncho- 
dilators alone and were successfully treated with 
sodium cromoglycate; and four children successfully 
controlled by bronchodilators alone. The group 
successfully treated with sodium cromoglycate were 
further subdivided tnto 19 children who showed no 
improvement in their asthma before the onset of 
puberty (subgroup A) and 14 children who im- 
proved before the onset of puberty (subgroup B). 
As the group treated with bronchodilator consisted 
of only four children and has been shown previously 
to have a similar prognosis to subgroup B of the 
group treated with sodium cromoglycate,'* these 
two groups have been combined when comparing 
the severity of asthma. 


Methods i 


Anthropometry. Height was measured standing with 
heels and back in contact with the vertical measuring 
column. Gentle pressure was applied beneath the 
mastoid process and the head was held so that the 
lower border of the eye socket was in the same 
horizontal plane as the external auditory meatus. 

Weight was measured without coat and shoes. 


Estimation of growth. Height and weight were 
recorded on longitudinal growth and developmental] 
charts prepared by J M Tanner and R H Whitehouse 
for the Hospital for Sick Children, London. They 
were measured at each six monthly visit. The 
pattern of growth corresponding to the height and 
weight centile was apparent for each child (Fig. 1), 
and by extrapolation it was possible to predict the 
expected height and weight of each child at the end 
of the study. The effect that severity of asthma, 
treatment, and delayed puberty had on growth 
could be seén by noting any deviation from the 
established centile pattern. By comparing the pre- 
dicted heights and weights of the children with the 
actual heights and weights finally attained, the effect 
of childhood asthma on growth could be directly 
- observed. i 
Sixty of the 66 children were followed into adult 
life until growth was complete. Comparison of their 
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Fig.1 Height record on a Tanner and Whitehouse growth 
and development chart (10th, 50th, and 90th centile lines) 
for a child illustrating: 
(1) the established centile pattern from 7-7—12-3 years; 
(2) the physiological decelerating growth velocity pattern 
of delayed puberty; 
(3) the puberty growth spurt, resulting in the child 
regaining his original height centile. 
The broken line represents the onset of puberty. 


final heights with their predicted heights from the 
centile chart was supported by comparing their final 
heights with the heights of their parents. In addition, 
24 of these 60 children had their left wrist and hand x 
rayed soon after entry into the study. Skeletal 
maturity and prediction of adult height by the TW2 
method’? was assessed in the 24 children and 
compared with the actual adult height obtained. 

The remaining six children who were lost to the 
study before their final adult height was known were 
followed up to a mean 8:3 years (6:3~14-6 years). 
Thus the effect of the illness.on their pattern of 
growth was well observed and in four was supported 
by comparison of the chronological age with the 
bone age estimated from a radiograph of the left 
wrist before the onset of puberty. 


Onset of puberty. A physical examination was 
performed at each visit. The beginning of puberty 
was defined as the first sign of a secondary sexual 
characteristic, either the initial enlargement of the 
genitalia in boys, a breast bud in girls, or pubic hair 
in both. The age at which this sign was noted was 
accepted as the age of onset of puberty and was 
accurate to within six months. 


Analysis. The results were analysed by use of paired 
ana unpaired Student's 7 tests. 


Results 


Nene of the 66 children on entering the study were 
below the 3rd centile and most (40/66) were above 
the 50th centile (Fig. 2). Distribution of the separate 
groups did not indicate an initial relation between 
severity of asthma and growth retardation with 
respect to height. On the contrary. it should be 
noted that on entering the trial 19 of the 29 children 
in the group treated with steroids had a height 
centile above the 50th centile. 

From then until about 10 years of age all 66 
chidren grew along their expected centile lines 
witaout appreciable deviation, irrespective of the 
severity of asthma or treatment. Thirty five of the 66 
chidren continued to grow along their expected 
centile lines without appreciable deviation through- 
ouf the whole period of follow up, 30 showed the 
phrsiological decelerating growth velocity pattern 
seen in children with delay in the onset of puberty 
(Fiz. 1), and one showed the rapid deceleration in 
growth that follows an early menarche. She was the 
only child in this study who failed to grow to within 


No of children 





Height centiles 


Fig.2 Height centile of each child on entering the study, 
indicating group distribution. SG= group given steroids; 
SCSA =sodium cromoglycate subgroup A; SCSB=sodium 
cromoglycate subgroup B; BG = group given 
brormchodilator. 
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five per cent of her expected height. Her height 
remained consistently on the 97th centile despite 
severe perennial asthma controlled by regular treat- 
ment with aerosol steroids for 4-4 years. Pronounced 
growth deceleration followed an early menarche, at 
which time she no longer took corticosteroids and 
had virtually recovered from her disease. In con- 
trast, the 30 children with the delayed growth 
pattern were observed to catch up dramatically once 
puberty finally began. 

In the 60 children whose final adult heights were 
known no significant difference was detected be- 
tween the heights predicted from the extrapolated 
centile line and the final adult heights in either the 
41 boys (t=1-03) or the 19 girls (t= 1-35). Nor was 
any significant difference detected when comparing 
the three treatment groups: the group given ster- 
oids, the subgroup A given sodium cromoglycate, 
and the combined subgroup B given sodium cro- 
moglycate and group given bronchodilator (Fig. 3). 
Both the boys and girls grew well in comparison to 
their parents (Table 1), and the mean parental heights 
were comparable with the accepted norms for 
this country.'° Moreover, the mean mid-parental 
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Fig. 3 Final adult height as a percentage of the height 
predicted from the extrapolated centile line in 60 children 
(@=bovs, A= girls), and height last seen as a percentage of 
predicted centile height in six boys not seen as adults (Q). 
Comparison between the group given steroids (SG), the 
sodium cromoglycate subgroup A (SCSA), and the sodium 
cromoglycate subgroup B + group given bronchodilator 
(the four open symbols) (SCSB+ BG) was not significant in 
any pairing. 
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Table 1 Final adult height in relation to parental height in 
60 children with asthma. Values are mean (SD) 


Sex m= Height (cm) 

` Final Paternal Maternal Mid-parental 
Boys 41 177-7 (6-0) 174-4 (5-9) 160-8 (5-7) 167-6 (4-5) 
Giris 19 164-3(7-1) 175-3(93) 161-158) 168-2 (6-7) 


I 


Table2 Final adult height in relation to height predicted 


from prepubertal bone age in 24 children with asthma with 
information on bone age. Values are mean (SD) 


Sex nm Height (cm) | p Value 
Final Bone age 
predicted 
Boys 15 180-0 (5-4) 174-9 (6-2) <0-005 
Girls 9 163-1 (47) 161-3 (5-2) Not significant 


heights were extremely close to the value of 168 cm 
found in the Harpenden growth study. 

In the 24 children where it was possible to 
compare the predicted final height determined from 
the bone age measurement with the actual final 
adult height (Table 2) there was no significant 
difference for the girls. The boys’ final adult height 
was, however, significantly greater than the final 
height predicted from bone age (p<0-005). 

When last seen, the heights of the six children 
whose final adult heights were not obtained were 
either equal to or slightly greater than their heights 
predicted from the extrapolated centile line (Fig. 3). 
Four of these children had bone age assessments; 
three were equivalent to their chronological ages 
and one, a boy whose onset of puberty was delayed 
until 14-2 years, was retarded by 2-6 years. 

Growth in weight generally followed the same 
pattern as height, but with much broader variations. 
Many of the children in their teens, especially the 
boys, gained an excessive amount of weight, while 
some of the girls were difficult to assess as they lost 
weight dieting, one developing anorexia nervosa. 
Comparison of the weight centile with the height 
centile on entering the study did show, however, 
that those children most severely affected by the 
disease, in the group given steroids, tended to be 
underweight (Table 3). To determine whether poor 
weight gain influenced the delay in the onset of 
puberty, the 35 children who. were underweight on 
entering the trial -were compared with the 31 
children who were not. The mean (SD) age of onset 
of puberty for the boys was 13-5 (1-5) and 13-3 (1-3) 
years, respectively, and for me girls was 12-5 (1-2) 


Table3 Relation between height and weight in 66 children 


with asthma on entering the study 
Group n= Heightcentle Height centile Height centile 
greater than — equal fo less than 
weight centile weight centile weight centile 
Steroid 23 B® 6 3 
Sodium cromoglycate 
subgroup A 19 7 6 6 
Sodium cromoglycate 
subgroup B 
+ bronchodilator 18 8 3 7 
Total 6 3 15 16 


and 12-4 (1-0) years, respectively. The differences 
were not significant. 


Group treated with steroids. The 29 children in this 
group divided into three children treated with inter- 
mittent courses of oral prednisolone and 26 children 
treated with prophylactic aerosol inhalation of > 


‘beclomethasone dipropionate for a mean of 5-8 


years (1-1~—12-3 years). 

The three children on intermittent treatment with 
steroids, six children whose dosage of beclometho- 
sone dipropionate did not exceed 400 mcg, and nine 
children whose dosage of beclomethasone dipro- 
pionate reached 600 mcg, five for longer than two 
years, grew along expected lines unaffected by their 
treatment. Eleven children whose dosage of bec- 
lomethasone dipropionate exceeded 400 mcg did 
seem to show inhibition of height growth, but only 
during the immediate pre-adolescent period of 
delayed puberty when growth velocity naturally 
falls. All 11 children regained their predicted height 
during the ‘subsequent growth spurt. — 


Delayed puberty. It became apparent while charting 
the growth of the children in this study that. there 
was a considerable number whose growth rate 
followed the physiological decelerating velocity 
pattern seen with delayed puberty (Fig. 1). In 21 of 
the 47 boys and four of the 19 girls the onset of 
puberty was delayed beyond the 95% confidence 
limits of Marshall and Tanner’® !° (Fig. 4), and the 
mean age of onset of puberty was significantly 
delayed in both the boys (p<0-001) and the girls 
(p<0-001). There was no significant difference, 
however, between the treatment groups, showing 
that this delay in puberty was independent of the 
degree of severity of their illness. 


Discussion 
This long term follow up of 66 children with chronic 


perennial asthma has supported previous observa- 
tions that weight gain tends to be reduced depending 
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Fig-4 Age (in years) at which onset of puberty was first 
detected in 47 boys (mean 13-4 (SE 0-2)) and 19 girls 
(mean 12-6 (SE 0-3)) plotted against their respective 
groups. 

Tre mean age and 2SD lines are shown indicating 
the ñrst sign of puberty noted by Marshall and Tanner: 

Girls’®=breast development (mean 11-2 (2SD 2-2) 
(SE-0-1)); 

Boys!?=genital development (mean 11-6 (28D 2-1) 
(SE-0-1)). 

Comparison of the group given steroids (SG), sodium 
cromoglycate subgroup A (SCSA), and sodium 
cromoglycate subgroup B (SCSB) + group given 
brorchodilator (BG) in the boys showed no significant 
difference in any pairing, nor was any significant difference 
noted between the group given steroids and sodium 
croraoglycate subgroup A in the girls. There were too few 
in the remaining group for comparison. 
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on the severity of the disease.*? Growth in height 
was shown, however, to be unaffected by asthma, 
although the incidence of delayed puberty was 
significantly increased. This confirmed the im- 
pression gained from previous studies that growth 
retardation was related to the physiological deceler- 
ating growth velocity pattern of delayed puberty, 
and after the onset of puberty the subsequent catch 
up growth resulted in the attainment of the pre- 
dicted adult height. Thus the conflicting reports of 
an association between growth. retardation and 
asthma in the past were probably due to the age at 
which the children were studied. Investigators who 
examined mainly younger children, below 10 years 
of age, would have found no growth retardation, 
whereas those studying older children, 10-15 years 
of age, would have discovered a definite association. 

Three of the studies in which no growth retarda- 
tion was found were longitudinal (Table 4), the most 
reliable method of observing growth. Although two 
are for fairly short periods, with no mean age given, 
Spock’s follow up of 200 children for a minimum of 
three years suggests they were seen before the 
delayed puberty growth pattern developed.° 

Of the studies that claimed growth retardation, all 
those carried out cross.sectionally must have in- 
cluded children with delayed puberty. In McNicol 
and Williams’ longitudinal study children were 
examined at three specific ages—7, 10, and 14 
years.” 7° No growth retardation was found up to the 
age of 10 but was noted at 14. As children still 
showing signs of disease at 14 years were included in 
their more severe group it was assumed that asthma 
was the cause of the growth retardation. They also 
reported growth retardation in a further 56 children 
examined cross sectionally between the ages of 10 


Tab-e4 Comparison of studies of growth retardation in children with asthma 


Authers Study 
Studies showing growth retardation 
Coben et al! Longitudinal 
Cohen et af! Longitudinal 
Snyder et af Cross sectional 
Dawson et alt Cross sectional 
McNi-ol and Williams? Longitudinal 
Murray et al? Cross sectional 
Hauspie et al’ Mixed longitudinal 
Chang et af Cross sectional 
Ferguson et a Cross sectional 
Studies showing no growth retardation 
Van Metre er af? Longitudinal 
: (10 months or more) 

Fallies er aÊ Longitudinal 

(6 months or more) 
Spock Longitudinal 

(3 years or more) 
Klein t af Cross sectional 


No of Age range Mean age 
patients (yrs) (yrs) 
5 917 ? 

150 ? ? 

91 1-5-15, 14 
121 10-15 12-1 
34 7:10:14 Martin et a 

i -at 21 

183 7-20 10-0 
531 2-20 ? 
231 6-2-16-2 11-5 
598 3-17 ? 

52 ? ? 
270 5-16 ? 
2x) 412 70 

20 4-15 ? 
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and 12 years whose asthma was severe enough to 
cause chest deformity.“ Yet when Martin et al 
reviewed all McNicol and Williams’ cases at the age 


of 21 years, they noted that complete catch up . 


grcwth, had occurred, as observed in the present 
study.” 

ee et al in their mixed longitudinal study 
also stated that height growth retardation was 
related to the degree of sevérity of asthma.’ They 
considered that the retarding effect on growth 
catsed the delay in the onset of puberty, with the 
subsequent catch up growth apparently overcoming 
all previous effects of the disease. They speculated 
that the growth retardation could have been due to 
various factors suggested in| the past: respiratory 
insufficiency with hypoxia, inadequate nu- 
. trition,” * chronic or recurrent infections, % long 
term stress,” and suppression of normal activity.?’ 
The opportunity for close long term observation in 
this study has made it possible to discount all these 
factors, -particularly as all the children were given 
treatment specifically aimed! at keeping them well 
enough to lead'a normal i on a minimum of 
treatment. 

The fwo studies by Cohen et al were also 
lorgitudinal, but the first consisted of only five 
cases, two of whom had merely nasal allergy and 
on.y one of whom had moderately severe asthma. 
They made the interesting observation that ‘active 
treatment’, indicating desensitisation, soon cured 
the growth retardation. They emphasised this eight 
years later with a further 150 cases, but with no 
dezails of their age range.” The importance of these 
studies was their description: of growth retardation 
in children with mild respiratory allergy, many 
wizhout asthma. This observation has been reported 
recently by Ferguson et al, who noted growth 
retardation independent of the severity of the 
disease and stated that the basic problem was the 
atopic state. Whereas that ‘group of workers em- 
phasised that it affected, ‘growth regulation’, 
however, this present study would suggest the effect 
wes primarily on the mechanism responsible for the 
‘switching on’ of puberty itself. The regulation of 
height growth has been shown to be normal in all 66 
children followed up. The only deviation from the 
established centile pattern, has been the pre- 
adolescent deceleration in growth velocity seen in 
the children with delayed: puberty, and this is 
physiological. Tanner has described this period as 
having the ‘lowest growth velocity ever experienced’ 
and talks about the immediate pre-adolescent veloc- 
ity being so low that parents sometimes allege, 
mistakenly, that the child' has actually stopped 
growing altogether for a year or more’.*! It is the 
large number of children with asthma with delayed 
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puberty exhibiting this pattern that gives the im- 
pression of abnormal growth retardation. ` 

It has been shown that effective treatment was 
possible with h regular inhaled steroids without affect- 
ing growth.” These observations were supported in 
this study. Before the onset of puberty, dosage -of 
beclomethasone dipropionate up to 600 mcg/day has 
been compatible with a normal growth velocity, and 
up to 400 mcg/day has been given during puberty 
without impairing the growth spurt. With the 
expected improvement in childhood asthma that has 
been shown to occur during puberty,’ it should 
rarely be necessary to exceed this dose on a regular 
basis. Thus it should be possible for all children with 
asthma to attain their normal predicted height. 


Conclusion 


In this prospective study of children with asthma all 
grew normally until about 10 years of age, and all 
ultimately reached their predicted adult height, 
showing that asthma had no effect on growth in 
terms of height. A considerable number, irrespec- 
tive of the severity of asthma, had delay in the onset 
of puberty, and it is suggested that the pre- 
adolescent physiological deceleration of growth 
velocity that occurs in these children is the reason 
that asthma has previously been considered to cause 
growth retardation. 


I thank Dr Michael Silverman and Professor Simon Godfrey for 
their help and advice over the many years of this study, Miss 
Margaret Rehahn for help with statistics, Mrs Jane Fallows for the 
medical illustrations, and Miss Karen Fox for typing the manu- 
script. s 
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Sleep apnoea during upper respiratory infection and 
metabolic alkalosis in infancy | | 
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SUMMARY . Three to four Hour polygraphic sleep studies were carried out in 10 infants, five with 
upper respiratory infection and five with metabolic alkalosis secondary to vomiting during and 
after recovery from illness. During upper respiratory infection, the main abnormality detected 
‘was brief (>3<6 seconds) or prolonged (>6 seconds) attacks of obstructive apnoea. Other 
indices of apnoea were similar to recovery data. Gross body movements were also increased. In 
infants with metabolic alkalosis indices of central apnoea were significantly increased when 
compared .with recovery jor case control data. Prolonged (>15 seconds) attacks of central 
apnoea and obstructive apnoea (>6 seconds) were only observed during illness. Gross body 
movements and periodic breathing were also increased. 

These findings suggest that the functional consequences of apparently ‘mild’ illnesses in young 
infants may be greater than is generally suspected and perhaps relevant to mechanism(s) of death 


in sudden infant death syndrome. 


Most infants have minor symptoms at some time 
during the early weeks of life but recover unevent- 
fully. Several investigators observed an increased 
frequency of such symptoms before death in victims 
of sudden infant death syndrome.’“ Fifty nine per 
“cent of the 145 victims of the syndrome studied by 
Stanton et al had recent symptoms, predominantly 
respiratory, compared with 16% of 154 controls. 
The questions arise whether ‘minor’ illnesses trigger 
a fatal sequence of events in a predetermined group 
of infants with altered responsiveness or whether 
age and maturity increase susceptibility in all infants 
from which a subgroup succumbs. The nature and 
severity of naturally occurring stresses that cause 
minor symptoms have received little attention. We 
have investigated the cardiorespiratory effects of 
natural stresses (upper respiratory tract infection 
and metabolic alkalosis caused by vomiting) in 
normal infants in the age group at risk for sudden 
infant death syndrome. The infants were not consi- 
dered at increased risk in other aspects. 


Patients and methods | 


| 
Two groups of infants were studied during and after 
recovery from symptoms—ohe group with upper 


respiratory infection and the other with recurrent 
vomiting. 


Groups studied. 


Group I: respiratory tract infections 

Five infants were studied during and after recovery 
from upper respiratory tract infection. Four were 
born at term after uncomplicated pregnancies and 
deliveries; the fifth was born at 29 weeks’ gestation 
after premature rupture of the membranes. There 
were four boys and one girl, with a mean gestation 
of 38 weeks (range 29-41 weeks) and a mean birth 
weight of 2630 g (range 1290-3460 g). Mean 
chronological and postconceptional ages were 
8 weeks (range 4-15 weeks) and 46 weeks (range 
44-49 weeks), respectively, when initial studies were 
carried out. The mean interval between illness and 
recovery studies was 22 days (range 13-46 days). 
Initially, the infants had coryzal symptoms but were 
otherwise well. At follow up they were healthy and 
thriving. Mean rectal temperature was 36-9°C 
(range 36-4-37-5°C) during infection and 36-8°C 
(36-5—37-2°C) after recovery. There were no signs of 
respiratory distress on either occasion and on 
auscultation breath sounds were vesicular without 


1056 


Sleep apnoea during upper respiratory infection and metabolic alkalosis in infancy 1057 


accompaniments. Immunofluorescent studies of 
nasopharyngeal secretions confirmed respiratory 
symcytial virus infection in one infant. 


Group 2: recurrent vomiting 
Five infants with a history of recurrent vomiting of 
duration of four to 21 days were also studied before 
and after pyloromyotomy for congenital hyper- 
trephic pyloric stenosis. They had been born after 
uncomplicated pregnancies and deliveries. All were 
bcys, with a mean birth weight of 3270 g (range 
2690-3770 g) and a mean gestation of 39 weeks 
(range 36-40 weeks). Mean chronological and post- 
conceptional ages were 5 weeks (3-7 weeks) and 
44 weeks (39-47 weeks), respectively, when initial 
studies were carried out. The mean interval between 
studies was nme days and between surgery and 
fo low up studies was seven days (range 3-11 days). 
Pyloric stenosis was suspected on clinical grounds 
in each infant at the time of admission to hospital 
ard confirmed by palpation of a pyloric tumour 
dcring a test feed. In each case the degree of 
dehydration was judged to be less than 5% of body 
weight and intravenous administration of fluid and 
electrolytes was not deemed necessary to correct 
fluid and electrolyte inbalance. Table 1 gives serum 
electrolytes and blood urea concentrations and acid 
bese state in individual infants when initial studies 
were conducted. One infant, case 1, was hypoka- 
la2mic, but otherwise electrolyte and blood urea 
velues were remarkably normal. All infants showed 
moderate metabolic alkalosis. At follow up clinical 
recovery was apparently complete. Serum electro- 
lyze and blood urea concentrations had become 
normal after treatment, and bottle feeding had been 
satisfactorily resumed in each case. 


Infants in the above groups served as their own 
controls. In addition, five healthy, normal infants 
matched for age, sex, and postconceptional age 
were selected as a case control group for infants with 
recurrent vomiting because of the possibility that 


index infants had not fully recovered from the 
metabolic upset associated with recurrent eae 
at the time of follow up studies. 


Monitoring, procedures. These have been described 
previously.° 

Polygraphic sleep studies were carried out in 
hospital after the last evening feed, usually between 
2300 and 0400 h. For follow up studies infants were 
re-admitted on the preceding afternoon. They were 
monitored in a dimly lit side room off the main 
ward, especially equipped for sleep studies. 
Ambient temperature ranged from 22-25°C. Elec- 
trodes were placed in position when the infant had 
settled after a feed, and nasal thermocouples were 
applied during periods of ‘quiet ‘sleep. Each infant, 
lightly clothed and unrestrained, was ‘observed 
constantly and body movements and interventions 
recorded on polygraphic paper. Electroencephalo- 
pram, electro-oculogram, electromyogram, electro- 
cardiogram, chest and abdominal movements, and 
nasal airflow were recorded on a Mingograf re- 
corder at a paper speed of 10 mm per second, 
Sections of recording in each sleep state. were also 
recorded at a rate of 100 mm/second to- observe- 
electroencephalogram changes more closely. Per- 
manent records were thus available for electro- 
encephalogram, electro-oculogram, electromyogram, 
electrocardiogram, nasal airflow, and chest and. 
abdominal movements. 
Data analysis. Each 30 Per jetta (one epoch) of 
the record was analysed visually and sleep state 


‘coded according to the criteria of Anders et al’ and - 


those of Rechtschaffen and Kales.® The age range-of 
the subjects was such that in some infants ` the 
transition between perinatal and ‘infantile’ sleer 
pattern’ might not have been completed. Individua 
proportions of the electroencephalogram frequen- 
cies and amplitudes during the sleep stages were 
used rather than absolute limits. Respiration, the 
variable under study, was omitted from. the criterie 


Teble 1 Serum electrolytes and blood urea concentrations and acid base states of infants with pyloric stenosis- 


Cae Serum electrolytes (mmot/l) - Blood 
Ne urea 
Sodium Potassium Chloride (mmol/l) 

1 138 2-4 — 5-0 

2 138 3:7 94 3-3 

3 136 36 86 5-6 

4 139 43 g 4-4 

5 138 3-4 96 3-7 


Acid base state 
pH Carbon Subtype ` Base excess: 
dioxide bicarbonate (mmol/l) 
3 ion 
(kPa) {mmol} 
1-53 7:35 40-6 +216 
7-49 5-87 35-0 +11-0 ° 
7:49 5:70 34:0 +9-5 
748 5:25 29-3 +66 
7-50 5-37 30-9 +8-8 


| 


| 
| 


1058 Abreu E Silva, MacFadyen, Williams, and Simpson 


of the sleep stages. These were identified as quiet 
sleep, active sleep, and indeterminate sleep. l 
The respiration rate and heart rate were counted. 
during the fourth, middle, and last minutes of 
continuous sleep for quiet and active sleep. Mean 
respiration rate and heart rate for each sleep state 
was then computed for each patient during and after 
recovery from illness and f T each control infant. 
Central apnoeic pauses were defined as periods 
when chest and abdominal movements were absent 
and airflow at the nostrils had ceased for at least six 
seconds. Obstructive apnoea refers to periods during 
which there was stopping of airflow at the nostrils 
and continuing (often exaggerated) movements of 
the chest or abdomen, or both, not begun by gross 
body movements detected by direct observation or 
electromyogram recording. ı This latter proviso 
ensured that episodes of ‘apparent obstructive 
apnoea begun by movement! were excluded from 
analysis. The occurrence lof prolonged (>15 
seconds) attacks of central apnoea!! and brief 
(>3 and <6 seconds) or prolonged (>6) attacks” 
were also noted. Indices of apnoea were assessed for 
central apnoeic pauses greater than six seconds. 
Apnoea index was defined as the duration of attacks 
of apnoea (seconds) during a given sleep ‘state 
divided by the total duration of that sleep state 
expressed as a percentage. Rate of attacks of apnoea 
was the number of attacks of -apnoea in each 
100 seconds of a Sleep state, and apnoea per cent 
was the percentage of epochs during which at least 
one apnoeic pause was begun. For each sleep state 
the mean duration of apnoeicipauses was calculated 
and the attack of apnoea of longest duration noted. 
These variables were compute for each sleep state 
and total sleep time. The percentage of time in each 
sleep state was also noted. | 
The occurrence and duration of periodic breath- 
ing, defined by Parmalee etjal as two attacks of 
apnoea of three, seconds or ‘more within 20 seconds 
of each other,’ and gross body movements were 
computed ih relation to sleep state and total sleep 
time. | 
Statistical analysis. The Wilboxon matched pairs 
signed rank test was applied to the- results obtained 
during and after recovery from illness in both groups 
of infants. Thè Mann- -Whitney U test was applied to 
results obtained for infants with metabolic alkalosis 
and their matched case ent 
Results : 
| 
Group 1: respiratory tract infections. Table 2 gives 
the results for apnoea variables, per cent sleep, 
respiration rate, and heart is in relation to sleep 


phase in the five infants during and after recovery 
from upper respiratory tract infection. With the 
exception of respiration rate, which was slightly but 
significantly increased after recovery, no significant 
differences were observed between corresponding 


Table 2 Apnoea variables, per cent sleep, and respiration 
and heart rates in five infants during and after recovery 
from upper respiratory tract infection. Values are 

mean (SE) 


Heep + During After 
phase reCOVETy recovery 
Apnoea index Active 0-24 (0-07) 0-69 (0-42) 
Quiet 4-10 (0-46) 0-67 (0-18) 
Indeterminate (33 (0-20): 1-11 (0-49) 
Total 0-59 (0-24) 0-68 (0-23) 
Apnoea attack rate Active 0-04 (0-01) 0-09 (0-04) 
Quiet 0-14 (0-06) 0-068 (0-02) 
Indeterminate 0-06 (0-04) 0-15 (0-07) 
Total 0-08 (0-03) 0-13 (0-05) 
Attack of longest Active 5-20 (1-32) 6-20 {1-83} 
duration (sec) Quiet 5-84 (2-54) 7-68 (2-16) 
Indeterminate 2:80 (1-72) 4-62 (1-89) 
Total 7-22 (2-09) 7°78 (2-16) 
Mean duration of Active 5-09 (1-28) 5-62 (1-53) 
attack of apnoca Quiet 4-95 (2-14) 5-63 (1-72) 
(sec) Indeterminate 2-67 (1-63) 4:30 (1-76) 
Total 5:97 (1-62) 605 (1-60) 
Appoca per cent Active 1-15 (0-36) 2-63 (1-31) 
Quiet 3-59 (1-58) 2-63 (0-70) 
Indeterminate 1-51 (0-93) 4-80 (2-09) 
Total 2:06 (0-79) 2:61 (0-76) 
Sleep per cent Active 42-20 (6-58) 39-80 (5-89) 
Quiet 41-80 (5-50) 52-40 (6-95) 
Respiration rate Active 38-25 (3-32) 36-95 (4-68) 
Quiet 32:04 (2-62) 34-20 (3-84)* 
Heart rate Active 132-00 (5-74) < 134-90 (5-04) 
Quiet 127-74 (4-79) 131-32 (5-29) 
*p<0-05. 


Table 3. Gross body movements and periodic breathing in 
relation to sleep phase in five infants during and after 
recovery from upper respiratory infection. Values are 


mean (SE) 
Seep During After 
phase recovery recovery 
Body movements: 
Total duration Active 5-68 (1-99) 1-48 (0-31) 
{min/LOO min sleep) Quiet 0-68 (0-34) 0-63 (0-16) 
Indeterminate 58-21 (9-28) 39-10 (106-77) 
Total 12-80 (2-44) 4-01 (0-96)* 
No/100 min sleep Active 28 (10-18) 7 (1-59) 
Quiet 4 (2-13) 5 (1-88) 
Indeterminate 148 (14-87) 87 (14-11) 
Total 38 (6-71) 12 (2-46)* 
Periodic breathing: 
Total duration Active . 038 (0-27) 1-31 (0-89) 
(min/100 min sleep) Quiet 1-22 (0-77) 0-83 (0-28) 
Indeterminate 0-59 (0-45) 0-58 (0-58) 
Total 0-75 (0-46) 1-12 (0-54) 
No/i00 min sleep Active - 1 (0-77) 4 (2-91) 
Quiet 3 (1-84) 3 (1-02) 
Indeterminate 2 (0-73) 2 (2-20) 
Total 2 (1-11) 4 (1-81) 
*p<0-05. 
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var_ables in either active,or quiet sleep. No infant 
hac attacks of central apnoea exceeding 15 seconds. 


The infants had brief (>3 and <6 seconds) or pro- 


lonzed (>6 seconds) attacks of obstructive apnoea 
in active sleep during the course of infection, with 
resolution on clinical recovery. In no case did the 
maximum duration of an attack of obstructive 
aproea exceed 10 seconds. 

Table 3 gives the results for gross body move- 
ments and periodic breathing. The number and 
duration of movements for each 100 minutes of total 
sleep time was significantly increased during infec- 
tion; no differences were observed in the amount of 
periodic breathing present. 


Greup 2: recurrent vomiting. Table 4 gives the 
results for apnoea variables, per cent sleep, respira- 
tion rate, and heart rate in relation to sleep state in 
the five infants during and after recovery from 
pyloric stenosis and in their matched controls 
witiout antecedent vomiting. Apnoea index, rate of 
attecks of apnoea, and apnoea per cent were 
significantly increased during illness, usually in both 
actrve and quite sleep states when compared with 
recovery or matched control data. Similarly, the 
mean and longest duration of attacks of apnoea 
were increased during illness. Two infants had 


prolonged (>15 seconds) attacks of central apnoea 
in both active sleep and quiet sleep (cases 1 and 5). 
The proportion of time spent in each sleep stage was 
comparable during and after illness. Respiration and 
heart rates were significantly lower in quiet sleep 
during illness than after recovery; respiration rate 
was reduced when compared with matched controls 
in both active and quiet sleep. Four infants with 
vomiting had prolonged (>6 seconds) attacks of 
obstructive apnoea in active sleep, with resolution 
on recovery. None of the matched control infants 
had either brief or prolonged attacks of obstructive 
apnoea. l 

Table 5 gives results for gross body movements 
and periodic breathing before and after recovery in 
index cases and also in matched control infants. The 
increase in body movements when symptoms were 
present did not reach significance when compared 
with controls, but the number of episodes and the 
total duration of periodic breathing were increased. 
(p=0-06). Failure to reach significance in compari- 
sons of index cases and controls is a reflection of the 
paucity of data available for non-parametric statis- 
tical comparisons. The Figure presents observations 
on periodic breathing in individual infants and 
illustrates the wide difference between illness and 
recovery data. 


Tab-e 4 Apnoea variables, per cent sleep, and respiration and heart rates in relation to sleep phase in five infants 
with: recurrent vomiting and their matched case controls. Values are mean (SE) 


infants with vomiting : Controis 
phase meee 
During- After 
recovery recovery 
Apnosa index Active 7-00 (2-48) 0-99 (6-52)* 6-67 (0-43)* 
Quiet 8-90 (5-17) G-91 (0-45)° 6-65 (0-27)* 
Indeterminate 9-36 (4:23) 2:57 (0-96)* 0-69 (0-44) 
Total 7:56 (3-18) 1-13 (0-56)* 0-59 (0-26)* 
Apnoca attack rate Active 0-87 (0-29) 0-13 (0-07)* 0-08 (0-04)* 
Quiet 1-05 (0-42) 0-13 (0-06)* 0-08 (0-04) 
indeterminate 1-05 (6-47) 0-31 (0-11) 0-09 (0-06) 
Total 0-90 (0-37) 0-15 (0-07)* 0-07 (0-03)* 
Attacz of longest Active 13-30 (1-37) 7:38 (3-15) 6-38 (1- 
duration (sec) Quiet 13-02 (0-88) 7-88 (0-46)" 5-94 (2-59)” 
Indeterminate 9-14 (2-49) 8-04 (2-13) 4-18 (1-72) 
Total 14-82 (6-58) 9-66 (1-03)* 7-38 (2-12)* 
Mean duration of Active 7-95 (0-24) 7-33 (0-32) 5-78 (1-55) 
apea (sec) Quiet 9-48 (0-91) 7-03 (0-26)* 5-02 (2-13) 
Indeterminate 6-B7 (1:75) 6-65 (1-67) 4:18 (1-72) 
Total 8-42 (0-18) 7:37 (0-29) 6-07: (1-61) 
Apnora per cent Active 21-28 (6-34) 3-87 (1-83)*- 2-41 (1-34)* 
Quiet 25-51 (14-22) 3-34 (1-42)° — 2-29 (0-99) 
Indeterminate 27°36 (11-58) 8:91 (3-19) 2-86 (1-69) 
Total 22:14 (8-35) 4-08 (1-64)* 2-15 (0-81)* 
Skep per cent Active 50-20 (2-63) 46-60 (2-50) 45-60 (5-49) 
Quiet 38-60 (5-07) 42-00 (3-70) 44-20 (6-76) 
RespLation rate Active 25-60 (1-11) 31-40 (2-70) 37-0 (3:00)° 
Quiet 22°50 (1-76) 27-20 (1-50) 39-40 .(4-12)* 
Heart rate Active 123-40 (6-63) 129-60 (5-94) 125-10 (8-00) 
Quiet 115-20 (5-73) 126-50 (4-58)* 


*p<0-}5. 


120-70 (7:23) 


i 
| 
i 
| 
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Table 5 Gross body movements and periodic breathing in relation to sleep phase in five infants during and after recovery 
from recurrent vomiting and their matched case controls. Values. are mean (SE) 


Sleep! infans with vomiting Controis 
ma 
During After 
| recovery recovery 
Body movements: l . ` 
Total duration Acti 4:28 (0-83) 4-36 (0-52) 6-23 (2-32) 
(min/100 sleep) Quiet 1:33 (0-45) 0-84 (0-32) 1-19 (0-56) 
Indeterminate 56-27 (11-34) 43-41 (3-92) 36-76 (11-57) 
Total . 8-56 (2-20) 7-78 (1-77) 6-80 (1-25) 
Number/100 min sleep Active 24 (5-46) 25 (2-13) 24 (7-72) 
Quiet 11 (3-20) 5 (4-64) 12 (5-56) 
Indeterminate 275 (128-38) 120 (9-75) TT (24-39) 
Total 35 (10-18) 29 (5-09) 23 (4-07) 
Periodic breathing = al 
Total duration Acti 18-91 (7-43) 1-93 (1-14) 0-62 (0-50) 
(ml 100 min sleep) Qui 21-28 (12-58) 0-84 (0-83) 0-56 (0-25) 
Indeterminate 12:41 (6-14) 1-46 (1-16) 0-00 (0-00) 
Total 15-65 (8-01) 1-31 (0-64}* 0-62 (0-25) 
No100 min steep Active 25 (7-06) 5 (2-40) 2 (1-19) 
Quiet 14 (8-46) 1 (1-00) 2 (0-85) 
Indeterminate 23 (10-12) 6 (4-49) 0 (0-00) 
Total 20 (7-48) 3 (1:26)* 2 (0-65) 
rr AA Tt 


Sleep ; 
phase Active Quiet Total 








l 

infection and sudden infant death syndrome is well 

js -02 64-83 45-83 | | documented 5 PY epidemiological and pathological 
25.85] 34.63) 18.43 | | studies. 4!” Several authors have reported that 

10 p=0.06 p=0.0650 prolonged attacks of apnoea occur more often 
. a . during upper respiratory infection in infants thought 

— 4., : : 45 to be at increased risk for the syndrome.'*” In the 
f} 0 & present study no differences were observed between 
ps g indices of apnoea during and after recovery from 
$ 7 j 35% infection. Prolonged attacks of central apnoea 
8 . (>15 seconds) were not observed, but brief 
r- : | 30 attacks of obstructive apnoea were present in three 
= 54° ' , | i 25 = infants in active sleep, which scarcely affected heart 
$ : 8 rate. Obstructive attacks exceeding six seconds were 
Ẹ 4 i ! 20 $ accompanied by bradycardia. None of the full term 
83 a 15 ® infants studied was thought to be at increased risk 
£ : e ||, - B for sudden infant death syndrome on epidemiological 
= 2 ; . 10 grounds.” 
1 me ios C Si 5 In view of the small number of cases studied it 

: an “Fa s would be misleading to generalise on the likelihood 

ul ml uli vl’ «elo of prolonged or severe attacks of apnoea in such 

rei i i F i ' cases. In a retrospective study of hospital charts of 

| 


Ho No of episodes and total duration of periodic 
breathing during sleep in five infants during and after 


An association between upper respiratory tract 


274 infants under 6 months of age with proven 
respiratory syncytial virus infection Bruhn et al 
reported an association between respiratory infec- 


recovery SONA Te anaes ii tion caused by this virus and prolonged attacks of 
i | apnoea.” The association was.strongest during the 
Discussion first months of life and in infants born prematurely. 


These results present an opportunity to comment on 
the effects of natural stresses (upper respiratory 
infection and metabolic alkalosis) on breathing 
during sleep in infants, at an age when the incidence 
of sudden infant death aaa is greatest. 


Mitchell et al reported a prospective study of the 
frequency and severity of attacks of apnoea in 
respiratory tract infections in infancy.” In nine 
infants with upper respiratory tract infection there 
were 121 attacks of apnoea exceeding 10 seconds 
(assessed by impedance pneumography), and in 8% 
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ther duration exceeded 20 seconds. Severe brady- 
cardia was sometimes unrelated to central apnoea. 
It is possible (perhaps probable) that these episodes 
of bradycardia resulted from attacks of obstructive 
apnoea not detectable by the methods they em- 
ploved. 

Could ef al described the effects of upper respira- 
tory tract infection on twins studied polygraphically 
in tae early months of life during two to three hour 
interfeed periods of sleep.™* Infants with colds 
exh bited alterations specific for sleep state in sleep 
apnoea. At postconceptional ages of 40, 44, and 48 
weeks the number of respiratory pauses of duration 
of 2-0 to 4-9 seconds and of 5-0 to 5-9 seconds for 
each 100 minutes of state were decreased during 
active and indeterminate sleep. This phenomenon 
did aot occur at a postconceptional age of 52 weeks, 
suggesting that it had been modified by maturation. 
These authors hypothesised that the response de- 
scrined during the early weeks after birth was 
ada tive but for infants at risk for sudden infant 
death syndrome such adaptation could be over- 
whelmed, resulting in increased attacks of apnoea 
and sometimes sudden infant death. In our cases 
gross body movements were increased during the 
course of upper respiratory infection in relation to 
total sleep time (Table 3) and no differences were 
observed between infection and recovery values 
durmng quiet sleep. Thus arousals (as indicated by 
gross body movements) were increased generally 
and were unaffected during quiet sleep by upper 
respiratory infection. 

Ir the infants with pyloric stenosis apnoea vari- 
ables were significantly increased in both active and 
quiet sleep. Respiration and heart rates decreased in 
quict sleep during the acute phase of illness when 
each infant had moderate metabolic alkalosis. Meta- 
boliz alkalosis of varying degree is nearly always 
present in such infants before surgical treatment.” 
In tais situation the metabolic stimulus to breathing 
is reduced and any resulting abnormality in breath- 
ing Dattern should be most obvious in quiet sleep.*° 
Prosonged and potentially hazardous attacks of 
central apnoea might then result from loss of 
stimulus to wakefulness and/or a defect in metabolic 
control affecting central or peripheral chemoreceptor 
mechanisms. We observed prolonged attacks of 
central apnoea exceeding 15 seconds in two infants 
in both active and quiet sleep. In both infants gross 
bods movements were increased during illness not 
only in relation to total sleep time but also quiet 
slee>, suggesting that arousal mechanisms were 
intact. Four of the five infants with pyloric stenosis 
also had attacks of obstructive apnoea during active 
slee>, perhaps due to loss of upper airway tone in 
that sleep state, possibly exaggerated by depletion 
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of intracellular potassium. Prolonged attacks of 
either central apnoea or obstructive apnoea were 
not observed after clinical recovery or in the 
matched control infants. In a previous report we did 
not detect these abnormalities in 11 healthy infants 
free of symptoms with a mean age of 48-6 weeks 
(range 38-63 weeks) studied on 31 occasions in the 
early months of life.” Thus, despite the relative 
paucity of contro] data in the present study, it seems 
reasonable to ascribe our findings to the effects of 
‘minor’ illness. 

Whether infants exhibiting the breathing patterns 
observed in upper respiratory infection and pyloric 
stenosis are at increased risk for sudden infant death 
syndrome is not known. We have observed infants 
with upper respiratory infection, severe metabolic 
alkalosis, and congenital stridor presenting with 
‘near miss’ for episodes of the syndrome. who 
exhibited in even greater degree the respiratory 
patterns described. One such infant presented with 
both upper respiratory tract infection and vomiting. 
Pyloric stenosis was suspected clinically and con- 
firmed at operation. It is conceivable that the 
summation of such stresses, perhaps of minor 
significance individually, influences respiratory con- 
trol to produce abnormalities of breathing patterns 
of sufficient severity in some infants to begin the 
sequence that culminates in a ‘near miss’ episode or 
even sudden death. It may be unnecessary to 
postulate a fundamental defect in respiratory or 
other control mechanisms in these circumstances. 
Our findings support the idea that infective and 
metabolic stresses, manifest as ‘minor’ illnesses in 
young infants, may have respiratory consequences 
that are potentially profound. 


We thank the parents, who allowed us to study their infants, and 
Mrs P Walker. who typed the manuscript. 

This study was supperted by the Foundation for the Study of 
infant Deaths (grant no 28/HS/78). 


References 


Emery JL, Crowley EM, Clinical histories of infants reported to 
coroner as cases of sudden infant death. Br Med J 1956;ii: 
1518-21. 

Carpenter RG. Shaddick CW. Role of infection, suffocation and 
bottle feeding in cot death. British Journal of Preventative and 
Social Medicine 1965:19:1-7. 

Froggatt P. Epidemiology aspects of Northern Ireland study. In: 
Bergman AB, Beckwith J. Ray CG, eds. Sudden infant death 
syndrome. Seattle: University of Washington Press, 1970:32-6. 
Cameron JIM, Watson E. Sudden death in infancy in Inner 
North London. J Pathol 1974:117:55-6]. 

Stanton AH, Downham MAPS. Oakley JR, Emery JL. 
Knowelden J. Terminal symptoms in children dying suddenly 
and unexpectedly at home. Br Med J 1978:ii: 1249-81. 
Abreu e Silva FA. Brezinova V. Simpson H. Sleep apnoea in 
acute bronchiolitis. Arch Dis Child 1982:57:467~-72. 


“ae 


Ji 


a 


$ 


aF 


1062 Abreu E Silva, MacFadyen, Williams, and Simpson 


7 Anders T, Emde R, Parmalee A. A manual of standardized 
terminology and criteria for scoring of states of sleep and 
wakefulness in newborn infants. Los Angeles: UCLA Brain 
Information Service, BRE Publications Office, 1971. - 

® Rechtschaffen A, Kales A. A manual of standard terminology, 
techniques, and scoring system ‘for states of human subjects. 
Washington: National Institute of Health, 1968. (No 204.) 

° Ellingson RV, EEG of premature and full term newborn. In: 
Klass DW, Daly DD, eds. Current practice of clinical electro- 
encephalography. New York: Raven Press, 1979:149-77, 

0 Van Someren V, Stothers JK. A critical dissection of obstructive 
apnea in the human infant. Pediatrics 1983:71:721-5. 

"! Steinschneider A. Prolonged apnea and sudden infant death 
syndrome: clinical and Bror observations. Pediatrics 1972; 
50:646-54. 

12 Guilleminault C, Ariagno R, Korobkin R, et al. Mixed and 
obstructive sleep apnea and near miss for sudden infant death 
syndrome. 2. Comparison of near miss and normal control 
infants by age. Pediatrics 1979;64:882-91. 

3 Parmalee AH, Stern E, Harris MA. Maturation of respiration in 


premature and young infants. Neuropadiatrie 1972;3:294~304. ° 


'* Carpenter RG, Gardner A, Pusall E, McWeeney PM, Emery 
JL. Identification of some infants at immediate risk of dying 
unexpectedly and justifying intensive study. Lancet 1979;H: 

3-6. 


'S Werne J. Post mortem evidence of acute infection in unexpected 
death in infancy, Am J Pathol; 1942;18:759-69. 

'© Bowden KM, French EL. Unexpected death in infants and 
young children. Med J Aust 1951;1:925-33. 

7 Williams AL. Tracheobronchitis and sudden infant death 
syndrome. Pathology 1980;12:73-8. 


-_—- "m p 


-— Ss m m 


ŘE E ee -aq rmm k — 


'8 Steinschneider A. Nasopharyngitis and prolonged sleep apnoea. 
Pediatrics 1975;56:967-71. 

'9 Brady JP, Ariagno RL, Watts JL, Goldman SL, Dumpit BS. 
Apnea, hypoxemia and aborted sudden infant death syndrome. 
Pediatrics 1978;62:686-91. 

2 Stevens LH. Sudden unexplained death in infancy: observations 
on a natural mechanism of adaption of the face down position. 
Am J Dis Child 1965;110:243~7. 

0 Carpenter RG, Gardner A, McWeeny PM, Emery JL. Multi- 
stage scoring system for identifying infants at risk of unexpected 
death. Arch Dis Child 1977;52:606-12. 

2 Bruhn FW, Mokrohisky ST, McIntosh K. Apnea associated with 
respiratory syncytial virus infection in young infants. J Pediatr 
1977 ;90:382-6. 

* Mitchell I, Barclay RPC, Railton R, Fisher J, Conely J. 
Frequency and severity of apnoca in lower respiratory tract 
infection’ in infancy. Arch Dis Child 1983;58:497-9, 

* Gould JB, Lee AFS, Cook P, Morelock S. Apnea and sleep 
state in infants with nasopharyngitis. Pediatrics 1980;65:713-7. 

= Degn JK, Wamberg K, Engel K, Kildberg P. Metabolic alkalosis 
in obstnictive vomiting. Acta Paediatr Scand 1974;63:537-48. 

% Phillipson EA. Control of breathing during sleep. Am Rev 
Respir Dis 1978;118:909-39, 

77 Abreu e Silva FA, MacFadyen UM, Williams A, Simpson H. 
Sleep apnoea in infancy. J R Soc Med 1985;78:1005-8. 


Correspondence to Professor H Simpson, Department of Child 
Health, Clinical Sciences Building, Leicester Royal Infirmary, PO 
Box 65, Leicester LE2 7LX, England. 


Received 24 June 1986 


Arcaives of Disease in Childhood, 1986, 61, 1063—1067 


A LUCAS AND B A BAKER 


MRD Dunn Nutrition Unit and University Department of Paediatrics, Cambridge 


SUN MARY 


In a randomised study of 186 preterm infants those fed on maternal or banked breast 


mils had a significantly higher peak bilirubin concentration and a more prolonged jaundice than 
infents fed an artificial preterm formula and were over four times more likely to achieve plasma 
bilirubin values above 200 umol/I (11-7 mg/100 ml). This dietary effect was seen even in a high 
risk subgroup of sick ventilated infants below 1500 g who were receiving restricted enteral 
intakes. We suggest that breast milk jaundice in preterm infants may increase clinical 
intervention. Our findings are discussed in the light of epidemiological data suggesting an 
association between moderate hyperbilirubinaemia (>170 umol/l) and neurodevelopmental 


outlome. 


A small percentage of full term infants develop 
progounced and prolonged breast milk jaundice. A 
more general tendency of breast fed infants to 
achseve higher plasma bilirubin concentrations than 
those fed with formula has been observed by some 
groups but not by others.’ There have been few 
detetled longitudinal studies, however, on breast 
milk jaundice in infants born preterm; yet, as 
discussed below. a diet induced increase in plasma 
bilirubin concentration might be of greater clinical 
importance in this high risk subgroup than in the full 
term neonate. In this study we have examined the 
relation between diet, respiratory disease, birth 
weight, and plasma bilirubin concentrations in 186 
infants born in one unit taking part in a larger, 
randomised multicentre dietary trial. 


Subgects and methods 


One hundred and eighty six preterm infants 
weighing less than 1850 g at birth, with a mean (SD) 
gestation of 31 (3) weeks and mean (SD) birth 
werght of 1385 (291) g, were studied. 

Infants whose mothers elected not to provide 
thew own milk were assigned randomly to receive 
either banked denor breast milk or a special preterm 
infant formula (Oster-Prem, Farley Health Products 
Ltd; as sole diets (primary trial). When mothers 
exp-essed their own ‘preterm’ milk the infants were 
assizned randomly to receive either banked breast 
milÈ or preterm formula as ‘supplements’ to their 
mother’s milk in volumes according to the mother’s 
success in expressing her milk (supplement trial). 


(The randomisation precedure is described in detail 
elsewhere.”) 

The median intake of maternal milk in the 
supplement trial was 46% of the total milk volume 
consumed. 

Infants were studied until they reached a weight 
of 2000 g or were discharged from hospital. A blood 
sample, taken (for multiple purposes) at the time of 
routine clinical monitoring, was analysed for total 
plasma bilirubin concentration on the following 
mean (SD) days postpartum; 2(1), 5(1), 11(2), 
18(2), 25(2), 34(3), and 50(7). 

This study was designed to detect differences in 
bilirubin concentrations between randomised feed 
groups and not to derive ‘normal’ standards for 
plasma bilirubin in rekation to diet. Our standar- 
dised blood sampling protocol would fail to detect 
the peak bilirubin value in some instances when this 
occurred on an intervening day (and thus our figures 
slightly underestimate maximum values in all feed 
groups). 

Total plasma bilirubin was measured by the 
Jendrassik-Grof reaction, using a Roche kit in a 
centrifugal autoanalyser (Cobas Bio). 

Ethical approval for the trial as a whole was 
obtained from the hospital ethical committees. 
Statistical analyses were performed using Student's f 
test, y? test with Yates’s correction, and Fisher's 
exact probability test. 


Results 


Details of the study population are shown in Table 1. 
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There was no difference between feed groups in 
mean gestation, birth weigħt, proportion receiving 
mechanical ventilation, or; volume of intake of 
enteral feed during the first week. During the course 
of the study, the total number of subjects remaining 
in the study declined as follows: day 2, 186; day 5, 

186; day 11, 182; day 18, 166; day 25, 140; day 34, 

98; and day 50, 64. In the last period (34-50 days) 
there was a sharp fall in the proportion of subjects 
fed on the formula as a'result of their faster 
growth rate on this diet and, hence earlier discharge 
from hospital. 

Figure 1 and Table 2 stow that for each feed 
group the highest mean bilirubin concentration was 
seen. at the second sampling, period (day range 4-7, 
mean 5). At this age infants in the primary trial (Fig. 
1) fed on banked breast milk had a significantly 
higher plasma bilirubin concentration than those fed 
on the preterm formula, 196 (SE 14) pmol/l (11:5 
o 8) mg/100 ml) compared with 147 (15) pmol/l A a An PA a 
8-6 (0-9) mg/100'ml) (p<0-02). The subsequent de- 
cline in bilirubin concentrations was slower on Days postpartum 
banked breast milk: by a mean of 25 days, bilirubin Fig.1 Change in total (SE) plasma bilirubin 
concentrations were 76 (12) pmol on banked breast concentrations (umol) with postnatal age in infants fed 
milk compared with 27 (7) umol/l on the preterm banked breast milk (@—-@) compared with those fed a 
formula (p<0-001). Also in the comparison of the special preterm infant formula (O- —— ~O) as sole diets. 
supplement trial (Table 2), infants fed banked Conversion: SI to traditional units—Bitirubin: 1 moV =0-06 mp/100 ml. 
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Table 1 Details of study population (n=186) classified by diet 


a ae E EE N I ae EE A A een aS 


Diet | Initial No of Mean (SE) Mean (SE) No of subjects Total (SE) enteral feed 
subjects gestation birth weight ventilated volumelkg body weight 
entering study (weeks) (x) during first week (mi)* 
BBM 29 31 (0-6) 1409 (56) 15 628 (112) 
PTF 30 31 (0-6) 1372 (55) 17 596, (87) 
Supplement trial: 
EBM-+BBM 62 31 (0-4) 1378 (36) 26 606 (53) 
EBM+PTF ! 65 31 (0-4) 1388 .(37) 29 597 (58) 


BBM=Banked breast milk; PIF=preterm infant formula; EBM=expressed maternal breast milk. 
Conversion: SI to traditional units—Bilirdbin: 1 wmol/l~0-06 meg/100 ml. 
*Overall mean (SD) enteral feed volume during the first week in ventilated infants was 232 (27) mi and in non-ventilated infants was 917 (39) mi. 


Table 2 Comparison of mean (SE) plasma bilirubin concentrations (umol/l) in infants fed on either banked breast milk 
(BBM) or preterm formula (PTE) as supplements to expressed maternal breast milk ONEMAN intake of maternal milk was 
47% and 45%, respectively) 
in tt 
Dies Days of age 


2 TE 11 18 25 34 50 
EBM+BBM (n=62)+ 105 09 | 188 (9)* 139 (11)* 98 (10) 85 (12)* 44 (16) 16 (2) 
EBM+PTF (n=65) 103 (10) | 160 (11) 112 (8) 79 (10) 54 (7) 39 (5) 17 (2) 


Conversion: SI to traditional units—Bilirubin: 1 pmol/~0-06 mg/100 ml. aie 
*p<0-05. 
tNo of subjects entering study. 





on overen ym m tee 


breast milk as a supplement to maternal expressed 
milk had higher concentrations of bilirubin on days 
5, 0, and 25 than those seen when expressed 
maternal milk was supplemented with formula 
(p< J-05), though the difference was smaller than in 
the primary trial. 

There was no influence of birth weight on ‘peak’ 
bilirabin concentration (which did not always occur 
at days 4-7 in individual infants). Infants who were 
mecaanically ventilated, however, had higher over- 
all mean peak bilirubin values compared with 
infamts not requiring ventilation: 190(SE 7) v 151 (7) 
umcł/l (p<0-001). As very low birthweight infants 
who: are sick possibly carry the greatest risk of 


=~ 


P ~ ~ 


Fig. 2 Effect of preterm formula (open columns) or 
banced breast milk (hatched columns) on highest recorded 
(‘peak’) (SE) bilirubin concentration (mol/l) in infants 
with birth weight under 1500 g who were (right) and were 
not (left) mechanically ventilated. 


‘ « 
p<0s. 
Cosversion: SI to traditional units—Billrubin: 1 pmol=)-06 me/100 ml. 
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bilirubin neurotoxicity we performed a preliminary 
analysis on peak plasma bilirubin of those infants 
with birth weight below 1500 g who had been 
randomly assigned to banked milk or formula as sole 
diets (primary trial). Figure 2 shows that in this 
subgroup infants who were ventilated had signifi- 
cantly higher mean peak bilirubin concentrations if 
they were fed on banked breast milk rather than 
preterm formula: 195 (18) pmol/l compared with 151 
(11) umol/l (p<0-05). The effect of diet in the 
non-ventilated group below 1500 g did not reach 
significance, though the population size was small 
(Fig. 2). The mean enteral feed volume intake in 
the first week in ventilated infants weighing less than 
1500 g (primary trial) was only 195 (SE 52) ml 
compared with 822 (39) ml in the non-ventilated 
group (p<0-001); there was no difference in volume 
intake between diet groups in either case. 

In Figure 3 subjects of all birth weights are 
grouped according to their highest recorded (peak) 
bilirubin value and a non-randomised, epidemiolo- 
gical comparison is made between infants fed on 
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Peak plasma bilirubin concentration (umol/|) 

Fig.3 Percentage of subjects fed on preterm formula 
(n=30) (open columns) or human milk (banked breast milk 
or expressed maternal breast milk supplemented with 
banked breast milk, n=94) (hatched columns) grouped 
according to highest recorded (‘peak’) plasma bilirubin 
concentration (umol/l). 
By $, significantly higher proportion of formula fed infants with peak values 
<100 pmol] and significantly lower proportion with values >200 pmol/l 
(p<0-01). 

Conversion: SI to traditional units—Billrubin: 1 pmoV/1=0-06 mg/100 ml. 
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formula alone and those fed on human milk (banked 
milk alone or expressed. maternal milk sup- 
plemented, when required; with banked milk). 
Infants in the two groups fed human milk were 
combined as mean peak bilirubin values in each case 
were not significantly different. The proportion of 
infants whose highest recorded values did not 
exceed 100 pmol/l was significantly higher in the 
group fed formula (9/30:30%) than in the combined 
groups fed human milk (6/94:6%) (x7=9-8, p<0-01). 
Ccnversely, a significantly ‘higher proportion of 
infants fed human milk had their highest values over 
200 pmol/l (40/94:43%) compared with the group 
fed preterm formula (3/30:10%) (x =9-3, p<0-01). 
l 


Discussion . 

In this randomised study preterm infants fed on 
buman milk had higher peak concentrations of 
plésma bilirubin and more prolonged hyperbilirubi- 
naemia than those fed on an artificial preterm infant 
formula. This dietary effect was apparent even with 
low feed volumes and was found in sick ventilated 
infants below 1500 g (Fig. 2): whose mean intake of 
banked breast milk or formula during the first week 
was only 200 ml. 

A notable feature of a rise in plasma bilirubin 
concentration induced by breast milk, especially 
thet seen with banked donor milk, is its persistence. 
Indeed, a major proportion of infants fed human 
mik who remained in hospital until 5-7 weeks 
postpartum were still frankly jaundiced (Fig. 1); 
some were investigated to exclude other causes. 
Although the number of infants at this analysis was 
too small to explore adequately an effect of diet on 
the need for either phototherapy or exchange 
transfusions, preliminary data suggest that both the 
use of phototherapy and the duration of its applica- 
tion tended to be greater in infants fed human milk 
then in those fed formula; this may have had the 
effect of reducing the potential difference in bili- 
rubin concentrations between feed groups. The 
possibility that breast milk jaundice increases clini- 
cal intervention needs further exploration. 

The most important question arising from our 
findings is whether or not diet induced hyperbili- 
rubinaemia could have neurological sequelae. The 
neurotoxic effects of bilirubin are well established, 
yet the peak bilirubin concentration achieved by 
incividual preterm infants has limited value for 
predicting neurological damage.’ Thus while some 
infants may tolerate high concentrations of bilirubin 
without apparent consequences, others may develop 
frank kernicterus at low plasma bilirubin con- 
centrations. A number of factors have been 
identified that may influence bilirubin neurotox- 


icity; these include the binding of bilirubin to albumin 
or cells and the integrity of the blood-brain barrier, 
which may be affected in turn by asphyxia and 
acidosis.’~!° Nevertheless, one large epidemiological 
study showed that for large populations there is an 
apparent, overall ‘dose-response’ relation between 
plasma bilirubin and motor delay.’ The same study 
also showed an association between quite modest 
rises of plasma bilirubin—around 200 ymol/l—and 
such neurodevelopmental effects, especially in in- 
fants born:preterm. Stewart reported that a bilirubin 
concentration of greater than 170 umol! was a 
significant factor associated with neurological handi- 
cap and sensorineural hearing loss in preterm 
infants.” > Moreover, a variety of clinical and 
experimental studies have shown that the persist- 
ence of hyperbilirubinaemia may be a critical factor 
in determining the extent of neurological 
damage.’ 14 In the present study peak bilirubin 
values over 200 umol/l (Fig. 3) were about four 
times more common in infants fed human milk 
(incidence 43%) than in those fed formula (inci- 
dence 10%). 

Possibly the most vulnerable infants for bilirubin 
neurotoxicity are those of very low birth weight who 
have respiratory disease, which is commonly associ- 
ated with low plasma albumin concentration and 
acidosis. It might be supposed that these infants 
would not be influenced by the type of milk chosen, 
as enteral intakes are usually limited in sick neon- 
ates. Yet our preliminary data show that even in this 
subgroup small volumes of human milk cause a 
significantly greater rise in plasma bilirubin than 
that seen with formula. Furthermore, we have 
shown that plasma bilirubin concentrations are 
higher in any case in infants with severe respiratory 
disease. 

Despite these considerations, an epidemiological 
association between modest hyperbilirubinaemia 
and adverse neurcdevelopmental effects does not ° 
imply necessarily a causal relation, and further work 
is needed in this area. The infants in this study 
represent a subgroup of over 900 babies from a 
multicentre feeding trial, and during their follow up 
(in progress) the relation between early diet, hyper- 
bilirubinaemia, and subsequent neurological de- 
velopment is being examined. Given the informa- 
tion currently available, however, it might be unwise 
to disregard breast milk jaundice in high risk low 
birthweight infants. Temporary stopping of breast 
feeding (48 hours) has been used with success in full 
term infants with pronounced breast milk jaundice.! 
We speculate that brief stopping of human milk 
feeds might prove valuable in certain preterm 
infants, especially those who are sick, as an adjunct 
to other measures in the treatment and prophylaxis 


of byperbilirubinaemia, though further investigation 
is required to explore the clinical consequences of 
such a manoeuvre. 


We tank the staff of the Special Care Baby Unit, Rosie Maternity 
Hosrgital, Cembridge. for their help and cooperation, P J Lucas for 
help with blood sampling, Farley Health Products for help and 
supp y of the preterm formula, and F A Simpson for technical help. 
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Dietary copper intake in artificially fed infants 


S SALIM, J FARQUHARSON, G C ARNEIL, F COCKBURN, G I ROREES: R W LOGAN, 
J C SHERLOCK, AND Tis WILSON 


` Department of Child Health, peace of Glasgow" 


SUMMARY Plasma concentrations of copper and zinc and leucocyte concentrations of zinc were 
measured in mothers during later pregnancy, at delivery, and 8-10 weeks after birth, and plasma 
concentrations of copper and zinc were measured in their infants at delivery and 8-10 weeks after 
birth. The 145 infants were either breast fed or fed one of two milk formulas supplying copper at 
different concentrations. None of the infants achieved the minimum copper intakes recom- 
mended by the World Health Organisation (WHO). At 2 months of age there were no major 
differences in growth or health detected in infants fed the.different copper intakes. Infant birth 
weight correlated well with the ratio of maternal venous plasma zinc:maternal leucocyte zinc at 
delivery. Maternal venous plasma copper and zinc concentrations at birth correlated with 
umbilical venous plasma copper and zinc concentrations. Infants fed the higher copper content 
formulas had a low mean: plasma zinc concentration without a significant increase in the mean 
plasma copper concentration. The present WHO recommendations regarding minimum copper 
intakes for infants fed formulas cannot be achieved with ‘currently available formulas and are 


probably wrong. 


.During 1979 a survey of 131 infants born in Glasgow 
was made to investigate their:dietary intakes of lead, 
and it was found that most of the dietary lead 
ingested by bottle fed infants came from tap water. | 

Further analyses of a subsample, comprising 41 of 
the infants, showed that 37, (90%) had’ intakes of 
copper below the World Health Organisation 
(WHO)/Food and Agricultural Organisation re- 
commended safe minimum: intake of 1:26 umol 
(80 pg/kg body weight per day and 33 (80%) 
were below the recommended absolute minimum of 
0-94 pmol (60 ywg)/kg body weight per day. A 
smaller proportion of the zinc intakes were also 
below recommended concentrations. In view of this 
it was decided to give the initial priority to a study of 
copper intakes. The purpose of the investigation 
now described was to examine the plasma concen- 
trations of copper in the 'mothers during later 
pregnancy, at delivery, and 8-10 weeks later, and in 
the infants at delivery and 8-10 weeks after birth. 

| 

*For the Glasgow Copper Intake, Study Group: TS Wilson, 
(chairman), JC Sherlock (director of study). Members: G Chittick, 
HT McIntosh, R Paterson, AP Robertson, S Salim, A Vardag, 
W Daoud, GI Forbes, A Green, W Richards, GC Arneil, 


F Cockburn, RW Logan, RT Leslie, EM Gibb, MM Miller, J Scott, 
J Farquharson, F MacMillan, J Warren. A Burrell, S Davis. 


These infants were either breast fed or fed one of 
two milk formulas supplying copper at different 
concentrations, one at the upper end of the range of 
normal concentration and the other at the lower end 
of the range. The relation between the type of milk 
and growth and the effect of the type of milk on the 
concentrations of plasma copper and zinc are 
examined. 


Patients and methods 


Mothers and infants. Mothers attending prenatal 
clinics in a large housing scheme and in the Queen 
Mother’s Maternity Hospital, Glasgow, volunteered 
to take part after a full explanation of the aims of the 
study. 

One hundred and four infants born at term with a 
normal birth weight (> 2500 g) and 41 low birth- 
weight (<2500 g) infants completed the study. 
Infants within each group were randomly allocated 
to a ‘low copper’ or ‘high copper’ formula except 
when the mother chose to breast feed her infant. 
These data, gender, birth weights, gestational ages, 
and feeding groups are shown in Table 1. The 
gestational age range of the low birthweight infants 
was 32—40 weeks. The birth weights of seven low 
birthweight infants lay between the 10th and 20th 
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Tasle1 Clinical details of groups of low (<2500 g) and normal (> 2500 g) birthweight itfants fed human milk or high or 


lov copper milk formula 
Sex Group 
Breast fed 
n Mean (SD) Range 
Nownal birthweight infents 
Birch weight (g) M i4 3885 (593} 3240-5000 
F 20 3511 (361) 2610-4280 
Gestation (wks) M 14 40-5 (0-8) 40-42 
F 20 39-8 (0-8) 38-41 
Low birthweight infants 
Birh weight (g) M 4 2145 (488) 1800-2499 
F 4 2250 (195) 1970-2450 
Gestation (wks) M 4 38-5 (2-4) 35-40 
F 4 36-8 (3-4) 32—40 


Low copper High copper 
n Mean (SD) Range n Mean (SD) Range 
B 3494 (388) 2800-4280 14 3522 (325) 2910-4120 
18 3340(371) 25604220 15 3550 (457) 2900-4700 
23 40-0 (0-8) 38-41 14 39-9(1-0) 37-42 
18 39-8 (0-9) 37-41 15 401 (0-5) 39-42 
6 2054 (455) 1430-2660 10 2246 (182) 1940-2490 
10 2228 (293) 1550-290 7 2152 (371) 1490-2499 
6 35-9 (2-5) 33-40 10 36.6 (20) 33-40 
10 36-8 (2-5) 33-40 7 = 373(29) 33-40 





centiles for Scottish infants,* and the remaining 34 
were below the 10th centile. 

Of the three boys in the group between the 10th 
and 20 centiles, two were m the high copper group 
and one in the low copper group. Of the four girls in 
this centile group, one was in the high copper group, 
two in the low copper group, and one was breast 
fec. None of the infants required assisted ventilation 
or suffered appreciable neonatal disease that might 
have interfered with early weight gain. From birth 
onwards the infants were fed on demand until 
satsfied. 


During a period of seven days preceding the 8-10 


wezk blood samples, the mother kept a diary 
recording the volumes of infant formula consumed 
during each day. The postconceptional ages during 
which the dietary intakes were recorded ranged 
from 40 to 49 weeks (median 47-8 weeks) and the 
postnatal ages from 8 to 10 weeks (median 9-2 
wezks). 


Miks. The low copper milk was an Ostermilk 
Complete Formula (Farley Health Products) in 
standard use until 1983, containing 0-5 pmol/l 
(3 1/100 ml) of copper. The high copper milk was 
the same basic formula but with a copper content of 
6-3 umol/] (40 pg/100 ml), which has been available 
sinze 1983. 

The zinc concentration in both formulas was 78 
porol/l (510 ug/100 ml). Analysis of the mature 
human milk obtained by manual expression at 6 to 9 
wez2ks from mothers of 29 normal birthweight and 
seven low birthweight infants gave a mean copper 
concentration of 5-8 umol/l (37 pg/100 ml) and 
a mean zinc concentration of 27-1 pmol/l (177 ug 
10C ml). 


Samples for analyses. Venous blood samples were 
obtained from mothers at 28 weeks’ gestation, at the 


birth of the infant, and at 8-10 weeks after: the 
birth. A heel prick blood sample was obtained from 
the infant 8-10 weeks after birth. Where practic- 
able, samples of cord blood and amniotic fluid were 
also collected. Blooc samples were analysed for 
plasma copper and plasma and leucocyte zinc 
concentrations. Infant hair was obtained at 8-10 
weeks for determination of copper content. Amnio- 
tic fluid was centrifuged immediately after collection 
and the supernatant later analysed for total copper 
and total zinc concentrations. 


Biochemical analysis. >lasma copper and zinc analya - 
ses were performed using atomic absorption equip- 
ment by the procečure detailed in a previous 
publication.’ 

In the case of copper, within and between batch 
coefficients of variation at a plasma concentration of 
3-4 pmol/l were 8-6% and 10%, respectively. At a 
concentration of 13-4 pmol/l the corresponding. 
figures were 2-9% and 3:5%. The sensitivity of the 
method for 95% confidence limits was 0:3 umol/1. In 
the case of zinc, the intrabatch and interbatch 
coefficients of variation were 9-8% and 11-4% at 
4-4 umol/l and 3% and.3-8% at 19-2 umol/l, and 
sensitivity of the method was 0:5 umol. 

For measurements of both copper and zinc, 
quality control was ef-ected by incorporating speci- 
mens from the Guildford quality control scheme in 
each batch of assays. No analysis was accepted 
where the result for control serum samples differed 
by more than one standard deviation from the 
mean. 

Whole blood was employed for measurement of 
lead. Preparation of leucocyte pellets for determina- 
tion of zinc was undertaken, using lithium heparin- 
ised venous whole blood, dextran separation of leu- 
cocytes, centrifugation, and repeated washing. The 
protein determination was by the Lowry technique. 
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Analysis of hair copper was: ‘by atomic absorption 
spectrophotometry, which was also employed for 
the determination of the copper and zinc concentra- 
tions in breast milk and amniotic fluid. 


Growth measurements. Accurate measurements of 
weight, length, arm circumference, occipitofrontal 
circumference, and subscapular and triceps skinfold 
thicknesses were obtained at birth and at 8-10 weeks 
after birth.-Crown-heel length was measured using a 
Holtain neonatometer, infants were weighed on 
standard beam scales, occipitofrontal circumfer- 
ences and mid-arm circumferences were measured 
to the succeeding millimetre using a paper tape, and 
skinfold thicknesses were measured using Holtain 
callipers (British Indicators Ltd). 
Results l 
Infants of low birth weight and on the low copper 
diet ingested 0-08 umol (4-9 ug)/kg body weight per 
day of copper, while those on the high copper diet 
ingested 1-02 umol (65 ug)/kg body weight per day. 
In the normal birthweight infants the corresponding 
values for those fed the low and high copper diets 
were 0-07 umol (4-4 wg)/kg body weight per day and 
0-92 umol (58 pg/kg body weight per day. 

Breast milk analyses showed that the breast fed 
infants took in 0-58 pmol (37 ug) of copper and 2-71 
umol (177 ug) of zinc for every 100 ml ingested, 
giving a copper:zinc ratio`ʻin the breast fed infants 
diet of 0-21. The copper:zinc ratio for infants fed 
low copper formula was 0: 006! and for those fed the 
high copper formula was 0-08. 

Concentrations of copper and zinc in the venous 
blood plasma from the mothers at 28 weeks’ 
gestation, at birth, and at 8-10 weeks after birth, 


together with concentrations in the umbilical venous 
plasma and infant capillary plasma at 8-10 weeks 
after birth are shown in Table 2. There was no 
significant correlation between copper or zinc con- 
centrations' measured in the three maternal plasma 
samples. There was a significant correlation be- 
tween copper concentrations in maternal plasma 
taken at the time of birth and in the umbilical 
venous plasma. Zinc concentrations showed a simi- 
lar correlation. The appropriate values for plasma 
copper concentrations were r=0:31 and p<0-001 
and for plasma zinc concentrations were r=0-17 and 
p<0-001. 

The mean plasma zinc concentrations in maternal 
blood were not significantly different between 28 
weeks’ gestation and delivery but increased signifi- 
cantly after the birth of the infant. Similarly, the 
mean plasma copper concentration in maternal - 
blood at 28 weeks’ gestation and at birth were not 
significantly different, but after birth the concentra- 
tions fell to normal values. Concentrations of copper 
and zinc in the infant’s plasma 8-10 weeks after birth 
did not correlate with any of the other measure- 
ments of copper and zinc. 

Amniotic fluid copper concentrations obtained 
from six low birthweight infant deliveries ranged 
from 1-6 to: 16-5 (mean (SD) —8-5 (6-3)) pmol/l and 
zinc from 1-5 to 14-2 (7-3 (4-7)) pmol/l. Values for 
copper obtained from amniotic fluid samples from 
24 normal birthweight infants ranged from 0-5 to 
14-0 (3-2 (3-7)) pmol/l and for zinc from 0-3 to 30-6 
(8-6 (9-0)) umol. 

All plasma copper and zinc concentrations dis- 
played essentially normal distributions. In the case 
of amniotic fluid, copper and zinc concentrations 
and leucocyte zinc concentrations log-normal 
distributions obtained. 


Table 2 Concentrations of zinc and copper in maternal venous blood plasma at 28 weeks’ gestation, at birth, and at 8-10 
weeks after birth, infant umbilical venous blood, and infant capillary blood at 8-10 weeks after birth in low (<2500 g) and 


normal (> 2500 g) birthweight infants 


| 
Plasma samples Zinc (ponolll) Copper (umoti/l) 
Low birthweight Normal birthweight Low birthweight Normal birthweight 
n Mean, (SBD) a Mean (SD) ” Mean (SD) x Mean (SD) 
Maternal: ! 
At 28 weeks | 
gestation 22 3-7 | (2-B)* 99 12-0 (3-2)* il 30-5 (8-7) 101 30-5 (6-0) 
At birth 12 13-5 | (2-8)* 89 H-I (3-2)* z2 34-2 (8-5) 89 31-2 (7-9) 
” At 810 weeks ! 
after birth 30 16-8 (3-0)* 96 15-3 (3-1)* 32 20:5 (7-9) 97 20-5 (6-1) 
Umbilical venous blood 24 20-8 | (3-8)* 72 18-8 (4-9)* 32 6-9 (3-6) 75 6-9 (2-5) 
Infant capillary blood | 
at 8-10 weeks after | 
birth 30 16-1 | (4-6) 83 15-5 - (5-5) 32 11-6 (4-7) 5 11-8 (3-0) 


“Difference between pairs of means significant at p<0-05. 
| 
: 
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Table 3 shows plasma and leucocyte zinc concen- 
tretions in mothers before, at, and after delivery and 
in the infants at delivery in low birthweight and 
ncrmal birthweight groups. When the ratios of 
plasma zinc:leucocyte zinc in maternal blood at 
delivery were examined in relation to infant birth 
weight there was a significant negative correlation 
(r=—0-38; y (ratio)=2-86 — 0-47x (birth weight), 
n=68). 


Cemparison of values in low and normal birth weight 
infants. There were no significant differences be- 
tween the mean copper concentrations in the blood 
of mothers having low and normal birthweight 
infants at any of the sampling times. Similarly, there 
were no significant differences in the umbilical 


venous plasma copper concentrations or in the 
infants’ plasma concentrations at 8-10 weeks. There 
was no difference in the mean plasma zinc concen- 
trations for low and normal birthweight infants at- 
8-10 weeks. There were significant differences in 
the mean plasma zinc concentrations between the ` 
mothers of low and normal birthweight infants at 2& 
weeks’ gestation, at delivery, and at 8-10 weeks 
after birth; in each instance the higher zinc concen- 
trations were in the low birthweight group. The 
umbilical venous plasma zinc concentrations were 
significantly higher in the low birthweight than ix 
the normal birthweight infants. 

Considering the four pairs of means together anc 
bearing in mind that the serial zinc concentrations 
are not correlated, the results indicate that mothers 


Tzble3 Zinc concentrations in maternal venous plasma (umol/l) and leucocytes (mg/kg protein) at 28 weeks’ gestation, 
atdelivery, and &10 weeks after delivery in mothers of low (<2500 g) and normal (> 2500 g) birthweight infants and in 


inant umbilical venous blood 
Blood Low birthweight 
sample 
n Mean 
M:ternal blood: 
At 28 weeks’ gestation Plasma 22 13-7* 
Leucocyte 4 61:2 
At delivery Plasma 12 13-5° 
Leucocyte 17 58-8 
At 8-10 weeks 
after delivery Plasma 30 16-8* (3-0) 
Leucocyte 26 135-0 8 
Inzant umbilical 
venous blood at 
Aelivery Plasma 24 20-8* (3-8) 
Leucocyte 6 168-0 


(39-8) 


Normal birthweight 
Range a Mean (SD) Range 
86197 9 12-0° (3-2) 2:3-23-3 
35-90 68 107-0 (45-2) 40-275 
6717-0 8 11-1* (3-1) 0-92-19-4 
25-145 68 72:8 (31-7) 20-210 
113-248 96 15-3" (3-1) 4-3-29-4" 
60-335 67 171-0 (71-5) 50-380 
11-8-25-7 R 18-8* (4:9) 9-2-32-0 
120-240 27 116-0 (55-0) 45-245 





*Lifference between pairs of means significant at p<0-05. 


Table 4 Concentrations of copper and zinc (umoll/l) in maternal venous blood plasma at 28 weeks’ gestation, at birth, and 
at8—10 weeks after birth and in infant umbilical venous blood and capillary blood at 8-10 weeks after birth related to 


feeding group 
Brood sample Feeding group 
Breast 
n Mean 
Maternal blood: 
AL 28 weeks’ pestation Copper 32 28-3 (6-8) 
Zinc 36 12-7 
At delivery Copper 33 29-9 {8-2} 
Zinc 28 11-0 (3-7) 
At 8-10 weeks after 
delivery Copper 35 17-5 (3-6) 
Zinc 34 15-6 (3-5) 
UPnbilleal venous blood Copper 30 6-9 (3-1) 
Zinc 28 18-8 (5-5) 
Irfant's blood at 
8-10 weeks after birth Copper 35 12-4 (3-5) 
Zinc 30 17-6 (5-8)" 
*Difference betweer. means significant at p<0-005. 


Low copper High copper 

n Mean (SD) n Mean (SD) 
38 31-5 (6-6) 30 3-2 (5-7) 
39 11-9 (3-5) 31 12.2 (2:3) 
34 32-9 (9-6) 32 31-8 (6-5) 
31 10-7 (3-2) 28 12-4 (3-1) 
41 21-7 (69) 35 20-9 (7-4) 
40 15-8 (3-7) 35 15-3 (2-4) 
36 6-6 (3-0) 28 7:2 (2-8) 
31 18-7 (4-6) 25 19-7 (3-8) 
41 11-2 (3-1) 33 11-8 (4-2) 
38 15-8 (4°7) 30 13-8 (4-3)* 


1 
i 
| 


1 
{ 
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who have low birthweight infants tend to have 
higher plasma zinc concentrations than those who 
have normal birthweight infants. 


Effect of the feeding regimen. There were no 
significant differences in umbilical venous plasma 
copper concentrations betwéen low and normal 
birthweight infants; consequently, the data for these 
two groups have been combined when comparing 
the plasma copper concentrations obtained from 
infants on the three feeding regimens (Table 4). 

Mothers who breast fed their infants tended to 
have lower plasma copper concentrations than the 
other mothers; the differences, however, between 
the mean concentrations at 28 weeks’ gestation, at 
birth, and at 8-10 weeks after birth were not 
significant. The mean umbilical venous plasma 
copper concentrations were almost identical for the 
three groups of infants. Breast fed infants aged 8-10 
weeks had the highest mean plasma copper concen- 


tration, the infants in the low copper group the. 


lowest, and the infants in the high copper group an 
intermediate value. The difference between the 
mean plasma copper concentration for the infants 
who were breast fed and the infants in the low 
copper group did not reach significance at the 5% 
level (p=0-086). The plasma zinc concentrations in 
the breast fed infants were diso greater than the 
values found in the formula fed infants, and it is 
noticeable that the lowest mean plasma zinc concen- 


Table 5 Copper:zine concentration (molar ratios) in diets 
and in plasma of infants after 8 weeks being breast fed or 
fed on a high or low copper content milk 





Feeding group Copper:zinc ratio 

Diet Plasma 
Breast fed 0-21 0-70 
Low copper formula 0-006 0-71 
High copper formula 0-08 0-86 


tration was. found in the infants in the high copper 
group (p=<0-005) (Table 4). 

The mean plasma copper:zinc ratios were similar 
despite wide differences in the dietary ratios of cop- 
per and zinc in the three feeding regimens. Table 5 
gives the increments between birth and 8 weeks in 
the low and normal birthweight infants fed their 
mother’s breast milk or high or low copper content 
formulas. 


Infant growth. Rates of growth of the infants during 
the first eight weeks after birth were calculated as 
the arithmetic difference of their measurements 
taken at birth and at 8 weeks; rates of growth 
were ascertained for each of the six measure- 
ments weight, length, head circumference, arm cir- 
cumference, and triceps and subscapular skinfold 
thicknesses (Table 6). 

Analyses of variance were carried out for normal 


Table 6 Growth increments between birth and 8 weeks in low (<2500 g) and normal (> 2500 g) birthweight infants fed 


low or high copper content formulas or human milk 


Feed i Low birthweight Normal birthweight 
i n increment SD n increment SD 
| (pooled) (pooled) 
Weight (kg) BF i § 1-861 33 1-900 
Le. i 16 1-831 0-387 38 1-806 0-555 
HC O! 1s 1:925 28 1-656 
Length (cm) BF i E 798 33 8-02 
: LC 16 9-46 2-11 38 8-68 1:79 
HC 15 9-07 28 8-87 
Occipitofrontal 
circumference (cm) BF | g 5-388 33 4741 
16 6-112 1-104 38 4-689 1-091 
HC | 15 5-707 28 4-654 
Arm circumference (cm) BF i 8 2-413 33 1-657 
Le | 16 2-88) 1-050 38 1-454} - 1-097 
HC 15 3153 28 1-129 
Triceps skinfold (mm) BF | 8 3-475 33 3-794 
Le 16 3-781 1611 38 2-921 1-748 
HC 15 3-433 28 2-268 
Subscapular skinfold (mm) ` BF 8 3-500 33 3-152 
LG i 16 3-462 1-276 38 2-487 1-770 
HC , 15 2-640 28 2-121 
H 


C=high copper formula. 
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and low birthweight categories and for each of the 
six measurements in each of the three feed categor- 
ies No consistent dietary effect was found except 
for a greater increase in triceps skinfold thickness in 
normal birthweight breast fed infants (mean in- 
crease in triceps skinfold thickness for infants who 
were breast fed was 3-8 mm. for infants in the low 
copper group was 2:9 mm, and for infants in the high 
copper group was 2-3 mm). The triceps skinfold 
thicknesses of the infants fed the high and low 
copper content formulas did not differ significantly 
frem each other. The difference between the breast 
fec and formula fed infants was significant at a 1% 
level. Despite this, the difference may be unre- 
merkable; with so many comparisons being made it 
is not surprising that one of them achieved sig- 
nificance, 

A series of 20 tables giving fuller information 
aboutinfant growth characteristics as well as the full 
results of biochemical analyses of concentrations of 
me ternal and infant plasma copper and zinc, mater- 
na and umbilical venous leucocyte zinc, blood lead, 
arrnictic fluid copper and zinc, breast milk copper 
and zinc, and infant’s hair copper at 8 weeks can be 
ob:ained.* 


Discussion 


Tihe dietary requirement of the fetus for copper 
must be met from the maternal diet and maternal 
tissue reserves, and in turn this might influence the 
copper reserves in the preterm or term newborn. 
Bioavailability of copper depends on various fac- 
tors, including concentrations and distribution of 
co zper binding and carrying proteins and concentra- 
tiens of other dietary constituents, including phytate 
and zinc. 
sturgeon and Brubaker described the typical 
clitical features of copper deficiency in infancy in 
1956,” and Al-Rashid and Spangler described an 
intant of low birth weight who developed oedema, 
anaemia, bone disease, and recurrent apnoea associ- 
ated with a low plasma copper concentration in 
1971. Both studies showed that these abnormalities 
could be corrected by giving copper supplements. 
Siace then numerous reports of isolated copper 
deficiency in infants have been published. °* Cop- 
per deficiency i in preterm low birthweight infants has 
already been reported from Glasgow and a previous 
dietary survey showed very low copper intakes 
dering infancy. 
In the present study there was no obvious 
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problem shown during the first eight weeks of life 
related to a copper intake of 0-5 mol/l of formula 
compared with an intake of 6-3 mol/l, even in low 
birthweight infants. 

Fetal copper metabolism differs substantially 
from that of the older infant and child. At birth the 
liver copper concentrations are five to 10 times 
greater than in the adult,’ but in spite of this the 
plasma concentrations of copper and the copper 
carrying caeruloplasmin are much lower than in the 
older infant and child. In fetal and neonatal liver 
biopsy specimens the excess copper can be shown 
histochemically, as can a copper associated protein 
not demonstrable in the more mature liver.'" This 
copper can be located within electron dense lyso- 
somes with a specific neonatal carrier protein 
believed to be localised to lysosomes rather than 
mitochondria.'' Although the liver copper concen- 


trations are within the range associated with 
homozygous Wilson's disease, there is no bio- 


chemical, structural, or ultrastructural evidence of 
copper toxicity and the copper is complexed and 
packaged in ‘membrane bound lysosomes. ' ast 
about 3-4 months of age both liver copper and 
plasma concentrations of copper and caeruloplasmin 
approach the adult range.!? 

Sutton et al showed that poor growth, peripheral 
oedema, osteoporosis, neutropenia, anaemia, and 
apnoea can occur in copper deficient infants with 
birth weights less than 1500 g.° At such very low 
birth weights reserves of liver copper are minimal 
and it is not surprising that dietary deficiencies can 
result in clinical abnormalities. In the older infants 
in this study, irrespective of birth weight, there was 
no evidence of clinical abnormality or disturbance in 
growth, even though the highest copper intake was 
still below the WHO minimum recommended in- 
take. 

Mean haemoglobin concentrations and packed 
cell volumes at 8-10 weeks of age were not 
significantly different between the six groups of 
infants in this study. Evidently, copper reserves and 
copper intakes were adequate to maintain haemo- 
globin synthesis in spite of intakes below the 
recommended minimum. 

Whether there will be long term effects on body 
tissues from such low copper intakes is unknown. 
Copper is present in many intracellular enzymes. 
and reduced function of these in the copper deficien! 
state may interfere with collagen synthesis through z 
deficiency of lysyl oxidase activity and poor quality 
elastin. The function of the copper dependen: 
superoxide group of enzymes is to protect the cel 
from the superoxide radical, and failure of anti- 
oxidant mechanisms has been reputed to increase 
the rate at which tissues age. 
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Although the dietary ratios of copper and zinc in 
the breast fed infants and infants in the low copper 
group were very different, mean plasma copper:zinc 
ratios were similar. Infants fed high copper formula 

-had a greater mean plasma copper:zinc ratio than 
breast fed infants or infants fed low copper formula. 
Copper and zinc are biological antagonists, and 
dietary supplementation with zinc in man reduces 
the copper:zinc ratio in plasma.” In rats reduced 
copper:zinc ratios were associated with hyper- 
cholesterolaemia,’> but recent workers have failed 
to confirm this.'° i 

Influence of maternal intakes of copper and zinc 
during pregnancy on the growth rates of the fetus 
have been examined.!’*' There was no obvious 
correlation between the amniotic fluid copper and 
zinc concentrations and infant birth weight or 
gestational age. | 

-The maternal plasma copper and zinc concentra- 
tions and maternal white blood cell zinc concentra- 
tions in this study also failed to show any direct 
correlation with infant birth weight. Mean white cell 
zinc concentration in mothers with light for dates, 
growth retarded infants was lower than in mothers 
of appropriately grown preterm and term normal 
birthweight infants, but these differences failed to 
reach significance. This might reflect the small 
numbers studied. 

The data indicate that ratios of maternal venous 
plasma zinc to leucocyte zinc'at delivery are related 
to infant birth weight. Further investigation of the 
association of a fairly high plasma and low leucocyte 
zinc as a possible index of maternal zinc deficiency 
and impaired fetal growth is warranted. 

Dietary zinc deficiency has been postulated in 
young women who are not pregnant in West 
Scotland.” -The present study did not examine 
maternal intake but confirms the high plasma zinc 
concentrations reported in mothers of low birth- 
weight infants during pregnancy.” 7* No overt 
pre-eclampsia occurred in our mothers of low birth- 
weight infants. These same mothers had lower mean 
white blood cell zinc concentrations than mothers of 
normal birthweight infants at 28 weeks’ gestation, at 
delivery, and at two months post partum. This might 
be explained.by a relative reduction in zinc binding 
substances within leucocytes and an increase in 
plasma zinc binders in the blood of mothers of low 
birthweight infants.but cannot be explained on the 
basis of plasma volume differences” or free zinc 
concentrations.” These important findings clearly 
justify further investigation into the role of zinc in 
fetal and infant development. 

The infarits studied had copper intakes below the 
minimum WHO. recommendations without obvious 
physical or biochemical problems at the age of 2 


months. With present milk formulas it is unlikely 
that WHO minimum recommendations for copper 
intake can be achieved. Either there is a subclinical 
copper deficiency state in infants or the WHO 
recommendations are in error. If manufacturers 
increase only the copper content in their formulas to 
achieve the WHO recommendations this could 
critically reduce the bioavailability of zinc in their 
formulas. Although the infants in this study were all 
healthy, infection or other illness might precipitate a 
problem associated with ‘borderline’ copper intakes. 

The extraordinary adaptability of the human 
newborn infant to wide variation in copper intake 
and in copper:zinc ratio intake is noted. Whether 
there is any long term consequence of such adapta- 
tion remains to be proved. 
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Respiratory distress syndrome and inositol 
supplementation in preterm infants 
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SUMMARY We report a randomised double blind trial of myo-inositol (inositol) supplementation 
for 10 days in 74 preterm infants with a birth weight less than 2000 g (mean gestational age.29-5 
weeks and mean birth weight 1266 g). All infants required artificial ventilation for treatment of 
respiratory distress syndrome. Inositol (120-160 mg/kg/day) was administered by the ingastric or 
intravenous route. The'37 infants who received inositol supplementation required less 
mechanical ventilation during days 4-10, had less failures of indomethacin to close ductus 
arteriosus, and had less deaths or bronchopulmonary dysplasia, or both, than the infants treated 
with placebo. There were no detectable adverse effects. These preliminary results suggest that 


inositol is an important nutrient in immature preterm infants. 


Myo-inositol (inositol), a six carbon sugar alcohol, is 
at least as abundant as glucose in the body. In adults 
virtually all inositol is intracellular, whereas fetuses 
and immature preterm infants may also have high 
concentrations of inositol in:serum.'> Inositol is a 
precursor of phosphoinositides. These phospho- 
lipids are membrane components and may serve, for 
instance, as a putative neurotransmitter, as ‘tertiary’ 
messengers of several hormones, and as a growth 
factor.* Although rodents, on an inositol deficient 
diet may develop skin,’ gastrointestinal, and 
hepatic” disturbances, ae inositol requirements 
have not been established.® The observation that 

inositol is synthesised in any tissue and is taken up 
into intracellular space by active transport has led to 
a limited nutritional interest in this compound. 

Recently, it was found that an excess of inositol 
potentiates the glucocorticoid induced acceleration 
of the differentiation of lung surfactant.’ As critic- 
ally ill newborn are deprived of breast milk rich in 
inositol, resulting in a decrease in serum inositol,” 1° 
it was prudent to test whether exogenous inositol 
influenced the respiratory course in severe respira- 
tory distress syndrome (RDS). The rationale of the 
study was to provide an intake of inositol similar to 
that in full breast feedings. The present report deals 
with a randomised double ‘blind pilot study that 
evaluates the influence of inositol in treatment of 
RDS. 


i 
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Patients and methods 


Clinical methods. 

Study population 

The study was conducted in our hospital between 
January 1983 and August 1985. Preterm infants had 
to fulfil the following criteria to be included in the 
study: 

(1) Birth weight <2000 g. 

(2) Diagnosis of RDS. 

(3) Mechanical ventilation required for a period 
of at least 24-48 hours. 

(4) No other cardiopulmonary disease, mal- 
formation, or sepsis at birth or fetal hydrops. 

RDS was diagnosed on the basis of the following 
criteria: 

(1) Symptoms and findings of respiratory distress 
(tachypnoea, retractions, grunting, apnoea, 
or extra oxygen required) for at least 72 hours 
from birth. 

(2) Chest x ray film compatible with RDS." 

(3) Low lecithin:sphingomyelin ratio and unde- 
tectable phosphatidylglycerol in tracheal aspi- 
rate during the first 24 hours. 

The lung effluent was obtained shortly after 
intubation during routine suctioning of the airways. 
Normal saline (1-2 ml) was injected through the 
endotracheal tube. After a short hand ventilation 
any fluid that was recovered during suctioning of the 


1076 


Respiratory distress syndrome and inositol supplementation in preterm infants 


airways (1 cm distal to the tip of the endotracheal 
tube) was collected into a Leuken’s trap. The 
phospholipids were analysed using two dimensional 
thin layer chromatography." 


Administration of sugars 

Infaats were randomly and blindly assigned to be 
treated with inositol or placebo (glucose) after their 
pareats had consented to their participation. Each 
set af solutions, containing either inositol or glucose 
(5% weight/volume each) had a code number. Only 
the pharmacist preparing the doses knew the con- 
tents of the drug packages. The sugars were given 
intragastrically shortly before gavage feedings in a 
dose of 160 mg/kg/day, divided into four doses. 
When all oral feeds were withheld the sugars were 
gives intravenously. Based on a study of bioavail- 
ability (manuscript in preparation) the intravenous 
dose given was 75% of the intragastric one. All 
suga's were stored at —20°C and were discarded 
with 24 hours of use. The sugars were started at 
12-48 hours of age and continued until 10 days. 
Contraindications for entry into the trial and indi- 
catians for stopping the administration of sugars 
were low urine output (<1 ml/kg/h) or raised blood 
urea concentrations (> 8-3 mmol/l (50 mg/100 m!)), 
or both. 


General management of infants 
The indications for intubation and ventilation were 
apncea at birth that did not respond to mask 
ventdation, requirement of > 60% oxygen, or fail- 
ure tO maintain arterial carbon dioxide tension 
below 70 mm Hg. Assisted ventilation was provided 
by a Baby Bird infant ventilator, using intermittent 
mandatory ventilation or continuous positive airway 
pressure. In general initial ventilator rates were 
20-4)/min, inspiratory time 0-8-1-0 seconds, peak 
inspiratory pressure 15-20 cm HO, and positive 
end expiratory pressure 2-5 cm H2O. Peak inspira- 
tory oressure was increased when fractional inspira- 
tory oxygen requirements were higher than 0-8. 
Occasionally, when the conventional technique 
failed, infants were ventilated at a rate of 50-70/min. 
Whe 1 the fractional inspiratory oxygen required was 
below 0-8, peak inspiratory pressure and ventilator 
rate were decreased. Small preterm infants were 
extubated when they required fractional inspiratory 
oxygen <0-3, positive end expiratory pressure <3 
cm 1,0, and ventilator rates <4/min, whereas 
infamts weighing > 1500 g were given continuous 
posit.ve airway pressure before extubation. Apnoea 
of prematurity was treated with theophylline. 
Al. infants had transcutaneous oxygen monitoring 
wher fractional inspiratory oxygen was > 0-3. 
Arte-ial oxygen tension was monitored from the 
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abdominal aorta or radial artery. The ventilator 
settings and oxygen concentrations were adjusted 
frequently to maintain an oxygen tension or trans- 
cutaneous oxygen tension between 50 and 70 mm 
Hg and carbon dioxide tension between 40 and 60 
mm Hg. Blood pressure was measured by Doppler 
ultrasound method. Infusions of 4% albumin or 
fresh frozen plasma (10-20 ml/kg) and dopamine 
(initial dose of 2-5 ug/kg/min) were given if the 
systolic blood pressure was below 45-50 mm Hg. 

Patent ductus arteriosus was suspected if there 
was an enlarged cardiac silhouette and pulmonary 
vascular plethora on the chest x ray film, increase in 
pulse pressure, increase in retention of carbon 
dioxide, or metabolic acidosis, even in the absence 
of a heart murmur. Patent ductus arteriosus was 
confirmed by echocardiography. Intravenous in- 
domethacin was given (0-2 mg/kg as an initial dose 
and then 0-1 mg/kg at 12 and 24 hours) in the 
absence of contraindications (low platelets or active 
bleeding). If closure was not evident within 48-72 
hours as assessed by sequential echocardiography 
the patent ductus arteriosus was surgically ligated. 

Mean airway pressure, when not directly 
measured at the proximal airway using a Peumogard 
(Novametrix Medical Systems, Wallingford, Con- 
necticut, United States) was calculated using a 
previously published formula. Regression analysis 
between the measured (x) and the calculated (y) 
values showed a good linear correlation (r=0-92, 
regression coefficient=1-05, intercept=0-3 cm 
H0O}. So called ventilatory index (mean airway 
pressure X fractional inspiratory oxygen/oxygen 
tension) and the arterial:alveolar oxygen ratio (a/A 
PO>) were calculated as previously described. '* The 
requirements for fractional inspiratory oxygen a/A 
PO, ratio, mean airway pressure, ventilatory index, 
peak inspiratory pressure, positive end expiratory 
pressure, ventilator rate, and blood gases were 
recorded at 1 (SD 0-5), 12 (SD 2), and 24 (SD 2) 
hours and thereafter at intervals of 24 hours until the 
age of 10 days. 

The clinical diagnosis of bronchopulmonary dys- 
plasia was made on the basis of two criteria. 

(1) Respiratory distress and supplemental oxygen 
required for longer than 28 days. 

(2) Persistent strands of densities in both lungs, 
alternating with areas of normal or increased 
lucency, or Northway radiographic stage 3-4." 

Cranial ultrasound scans were obtained serially, 
and intracranial haemorrhages were classified using 
the grading scale of Papile et al.'® Necrotising 
enterocolitis was diagnosed on the basis of clinical 
manifestations: abdominal x ray showing pneumato- 
sis intestinalis and air in the portal circulation. The 
diagnosis of retrolenta) fibroplasia was based on 
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ophthalmological examination at postconceptional 
ages of 9 and 13 months.’ 


Statistical evaluation. Biorhedical Computer Pro- 
gram (BMPD statistical software, University of 
California Press, Berkeley, California, -United 
States) was used for statistical calculations. 

- As this was the first study to evaluate the effect of 
inositol in the newborn and the animal studies were 
not relevant in terms of estimating the magnitude of 
any éffect we elected at the beginning of the trial to 
examine the data when between 25 and 28 new 
patients were enrolled, to test whether continuing 
the study was justified. The present report repre- 
sents the third interim analysis. ` 

According to experimental data inositol acceler- 
ates synthesis of surfactant in the immature lung. It 
was therefore prudent to adopt outcome criteria that 
were similar to those used in surfactant substitution 
trials. Accordingly, the major outcome was cat- 
egorised in two groups: (1) ‘Intact’ survival—that is, 
survival without bronchopulmonary dysplasia; (2) 
death or bronchopulmonary dysplasia, or both. 
According to analysis of our results during the years 
1980-82 the occurrence of ‘intact’ survival was 50% 
in ventilated infants with RDS and birth weight less 
than 2000 g. We chose to limit the total number of 
infants to a maximum of 1st is, enough to 
detect a 36% decline in the undesired outcome, 
ae a type 1 error of 5% and a type 2 error of 

10%. 

Outcome is affected by al number of prenatal and 
neonatal variables, and the treatment and control 
groups could have been accidentally unequal in 
terms of major prognostic ‘variables. We therefore 
examined 63 prenatal and neonatal variables 
obtained from the medical: charts. Multiple regres- 
sion analysis was used to test whether some of the 
variables that tended to be different between the 
two groups actually affected the major outcome 
(BMDP 1R). 

The initial severity of illness might have influ- 
enced the response to therapeutic intervention. We 
therefore adjusted for differences in severity in the 
groups treated with inositol or placebo using analy- 
sis of covariance (BMPD IY). Fractional inspiratory 
oxygen and mean airway pressure before treatment 
with the sugars was begun jat 12 hours were chosen 
as the respective covariates. This model assumed 
that the chosen pretreatment variable was related to 
the treatment response and that the variables 
concerned were normally distributed. The method 
of covariance analysis should reduce the estimate of 
experimental error and thus offer a more precise 
comparison between the two treatments. The skew- 
ness of the variables in A age group sampled was 
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not different from those in a normal distribution. If 
inositol .was indeed effective in decreasing the 
severity of RDS by means of increasing synthesis of 
surfactant the effect would probably be evident 
more than 48 hours after beginning treatment.! 

Pretreatment values at the age of 12 hours were 
related, therefore, to fractional inspiratory oxygen 
and mean airway pressures on days 4-8. In addition, 
possibie differences between the groups treated with 
inositol and placebo were evaluated using analysis of 
variance (BMDP 4V) unpaired Student’s ¢ test, with 
or without equality of variances. Equality of. 


Table 1 Prenatal characteristics of the two treatment 
groups 


Treatment group 

inositol Placebo 
Single parent 2 8 
Bleeding 8 13 
Pre-eclammpsia 13 13 
Essential hypertension 2 0 
Asphyxia 28 22 
Tocolytic beta agonist 23 20 
Mother on steroids 1 4 
Caesarean section 27 23 
Maternal smoking 6 9 


Table2 Infant characteristics in the two treatment groups 


Treatment group 
Inositol Placebo 
Birth weight: 
Mean (SD) 1276 (321) 1256 (387) 
Range 600-1860 600-1940 
No > 150g 9 10 
No <1000 g 8 il 
Gestational age (weeks): 
Mean (SD) 29-5 (2-0) 23-5 (2-1) 
25-4-33-6 250-33 -4 
No > 31-0 weeks 9 10 
No <28-0 weeks 12 12 
Small for gestational 
age (<10th centile) 2 á 
Singletons 31 32 
Twins 6 4 
Triplets 0 1 
Sex (M/F) 2017 18/19 
Apgar score at one minute: 
12 14 
44 15 12 
a7 10 li 
Apgar score at five minutes; 
«3 2 3 
44 il 9 
7 24 23 
Intubated and ventilated 
at birth 30 25 
Mean (SD) first systolic 
blood pressure (mmHg) 49 (9) 54 (10) 
First tracheal aspirate: 
Mean (SD) lecithin: : 
sphingomyclin ratio 1-1 (0-4) 1-0 (0-3) 
Phosphatidyiglycero] 0 
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variances was tested using Levene’s test. Finally, the 
proportion of infants in each group with various 
mortidities or deaths was compared using the x” test 
or F sher’s exact test. 


Results 


Of the 83 infants who entered the trial, nine did not 
fulfil the entrance criteria and were excluded from 
final analysis. Three had a high lecithin:sphingo- 
myelin ratio and detectable phosphatidylglycerol in 
trackeal aspirate at birth. Two of these three infants 
(one. in the inositol and one in the placebo group) 
improved immediately when the mechanical ventila- 
tion was decreased and the other (in the placebo 
grouo) improved after closure of the ductus arter- 
iosus. Two infants (in the inositol group) had RDS 
on te basis of the tracheal phospholipid analysis but 
did not qualify because the duration of their 
respiratory distress was too short. Two infants (one 
from each group) died of respiratory failure before 
the beginning of supplementation. One infant (in 
the inositol group) had congenital heart disease and 
anotner (in the control group) had group B strepto- 
coccal sepsis and subsequently died. 

Tkus 74 infants fulfilled the study criteria, and 37 
were assigned to the inositol group and 37 to the 
placebo group. To ascertain that the two random- 
ised groups did not differ from each other, 35 
prenatal variables describing maternal characteris- 
tics and obstetric management were compared. No 
significant differences were apparent (Table 1). 

A further 28 neonatal variables describing the 
concition and treatment in the infants before the 
beginning of treatment with inositol or placebo were 
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evaluated, and again there were no significant 
differences (Table 2). 

The two groups did not differ from each other in 
respect of fractional inspiratory oxygen, blood 
gases, or ventilatory measurements during the first 
48 hours. Between days 4 and 10, however, the 
infants treated with inositol tended to have a milder 
respiratory course than the control infants. The 
infants treated with inositol tended to require less 
fractional inspiratory oxygen, although the differ- 
ence was not significant. The a/A PO, ratio tended 
to be higher in infants treated with inositol than in 
control infants (Fig. 1). Between days 4 and 8 the 
mean airway pressure was lower in infants in the 
inositol group than in the control group (BMDP IV, 
p<0-05; BMDP 4V, p<0-01). The ventilatory index 
tended to be significantly lower among the infants 
treated with inositol between days 4 and 7 (Fig. 2). 
In addition, during days 8 to 10, fewer infants in the 
inositol group required mechanical ventilation than 
in the control group (p<0-05).. 

To analyse these differences further, the arterial 
blood gases and respirator settings were compared. 
Only the ventilator rates tended to be different 
(Fig. 3). Infants in the inositol group required 
slower rates than the control infants during days 5 to 
7 (p<0-02). i 

Fewer infants treated with inositol died or de- 
veloped bronchopulmonary dysplasia compared 
with control infants (Table 3). The inositol group 
also had a tendency towards a lower incidence of 
pneumothorax and failure of indomethacin induced 
closure of patent ductus arteriosus. There was no 
detectable difference, however, in the incidence of 
intraventricular haemorrhage. Most of the babies 
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Fig. 1 Fractional inspiratory oxygen (FiO) 
requirements and arterial-alveolar oxygen 
tension ratios (alA PO2) in the two study groups. 
O= Mean (SD) values for the inositol group; 

@= mean (SD) values for the control group. 
Numbers in parentheses indicate number of 
infants and decrease because of death. 

The alA PO} is not shown beyond the first week 
because measurements of oxygen tension | 

were not always available. 
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Fig.3 Mean (SD) ventilator rate among infants in the 
inositol (O) and control (@) groups. 
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died from: RDS or bronchopulmonary dysplasia 
(Table 4). Of the surviving infants with bronchopul- 
monary dysplasia, six required supplemental oxygen 
between 1 and 2 months (two in the inositol and four 
in the placebo group), five between 2 and 6 months 
(one in the inositol and four in the placebo group), 
and two more than 6 months (one in each group). 
Nine of the surviving infants with bronchopulmon- 
ary required mechanical ventilation after the 
neonatal period. All surviving infants are being 
followed up. 

To assess whether the differences i in the outcome 
were due to treatment with inositol rame than to 
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Fig.2 Mean airway pressure and ventilatory 
index (mean airway pressure X (fractional 
inspiratory oxygenloxygen tension)) among 
the ventilated infants. O=Mean (SD) values 
for the inositol group; @=mean (SD) values 
for the control group. Numbers in 
parentheses indicate number of ventilated 
infants in each group. During days 

8-10 significantly fewer infants in the 
inasitol group than in the placebo group 
required mechanical ventilation (p<0-05). 
Ventilatory index is not shown beyond the 
first week because measurements of oxygen 
tension were not always available. 


Conversion: traditional to Si units-Ventilatory index: 
1 mm He=0-076 kPa. 


confounding factors, multiple linear regression 
analyses were performed to assess the influence of 
some prenatal factors (gestational age, small for 
gestational age, single parent, bleeding, and mother 
on steroids) on the outcome. Only gestational age 
correlated significantly (p=0-05) with poor outcome 
(death or bronchopulmonary dysplasia, or both=0; 
good outcome=1). Figure 4 shows outcome accord- 
ing to gestational age. 


Table 3 Morbidity and mortality ‘in the two treatment 
groups , 


Treatment group p Value 


Inositol Placebo 


Pulmonary interstitial emphysema 

Patent ductus arteriosus 

Treatment of patent ductus arteriosus: 
None 


Y a a o UA Wt 
1 


i 


<0:05 


= ee Cm oA et ON 
poak 


On 


we uw 


2B 
9 
5 


“AR infant deaths that were related to neonatal condition were incleded. 
There was additionally one case of sodden infant death syndrome in the 
placebo group. 
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TabE 4 Causes of death and related data in the two treatment groups 


Case Birth Gestational Age a 


No weight (g) age (weeks) death (days) 
inosital group 
1 600 26-9 7 
2 890 27-0 210 
3 1245 29-6 16 
4 1860 30-6 8 
5 1389 31-7 16 
Placeso group 
1 1200 27-0 14 
2 £50 27-0 225 
3 $20 25:8 5 
4 615 286 15 
5 1769 31-1 4 
6 $70 26-7 23 
7 1680 29-7 28 
8 1320 30-7 13 
9 600 27-4 36 
10 1410 310 16 


Autopsy findings related to death* 


Massive intracerebral haemorrhage, hyaline membrane disease 
(stopping of ventilatory support) 

Bronchopulmonary dysplasia, cor pulmonale 

Necrotising enterocolitis, hyaline membrane disease, 
cerebral necrosis and nfarcts (birth asphyxia): 

Total cerebral necrosis, cesprratory distress syndrome, 
pneumonia (birth asphyxia)” 

Severe respiratory distress syndrome, necrosis corticalis renis 
(birth asphyxia) 


Severe respiratory distress syndrome, interstitial emphysema 
Bronchopulmonary dyspinsia, tracheal perforation, pneumothorax 
Sepsis, hyaline membrare disease, intracerebral haemorrhage 
Hyaline membrane disease, cerebral infarct, renal cortical necrosis 


hyxia) 

Candidiasis, hyaline membrane disease, intraventricular 
haemorrhage 

Obstructive tracheobronchitis, 
superior vena cava th-ombosis 

Respiratory distress syncrome, renal failure, intracerebral 
haemorrhage 

Bronchopuimonary dysp asia 

Massive intracerebral haemorrhage, respiratory distress syodrome 
(stopping of ventilatory support) 





*Follzwing cases had histological grade 3 bronchopulmonary dysplasia on autopsy: inositol: 3 and 5, placebo: 1, 4, and 7. 
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I=g-oup treated with inositol; P= group treated with placebo. 
Black areas represent deaths; hatched areas represent 
infaats with bronchopulmonary dysplasia. 


>31-0 
(n=9) (n0) 


= 


ld 


YA: 





Discussion 


This randomised double blind trial involving pre- 
term infants with RDS provides the first evidence 
that supplementation with inositol decreases the 
ven-ilatory needs and moderates the course. of 
respiratory failure. In addition, there were fewer 
deaths or cases of bronchopulmonary dysplasia 
ameng the infants treated with inositol. The result 
may seem surprising because“ inositol had no im- 


mediate effects on vzntilatory requirements or 
blood gases. In contrast, effective treatments of 
respiratory failure have had a direct, immediate 
effect on lung function thus reversing the progres- 
sive course of respiratory failure, decreasing the 
incidence of severe complications, and reducing the 
number of infants who eventually developed bron- 
chopulmonary dysplasia. Despite this, no infant 
with RDS died within 48 hours after beginning 
treatment with the sugar, and only two died before - 
the sugar was given. The respiratory support was 
effective enough in most cases, therefore, to allow 
sufficient time (about 48 hours)? for the effect of 
inositol to take place, and the study covered more 
than 90% of the population with RDS. The birth- 
weight limit of less than 2000 g was chosen because 
the prognosis of RDS in this weight group is still 
poor, and oral feedings are often withheld. 
Although inositol prevents the synthesis of the 
second major surfactant component, phosphatidyl- 
glycerol, the paucity cf this phospholipid in RDS 
is not a cause but a consequence of lung 
immaturity.!° % According to current theory, inosi- 
tol (inositol-phosphoirositide pair) augments the 
effect of glucocorticoid and thyroid hormone i in the 
synthesis of surfactant phosphatidylcholine.° Phos- 
phatidylglycerol may aave a similar function.’ 
The synthesis of phosphatidylglycerol in the imma- 
ture lung is inactive, however, regardless of ex- 
tracellular inositol concentration (Hallman M. Un- 
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pudlished observations.), whereas inositol is easily 
available for synthesis of surfactant phosphatidyli- 
nositol in immature alveolar cells, provided that the 
serum inositol concentration is high.7! *? 2 3 10 Man- 
datory withholding of the breast milk feedings from 
sicx preterm infants decreased serum inositol con- 
centrations sometimes below those present in the 
immature fetus,?° and low serum inositol concentra- 
tioas in small preterm infants suffering from RDS 
were not associated with a favourable prognosis 
either.” The aim of the present study, therefore, was 
to ‘normalise’ the intake of inositol and to find out 
whether inositol affects the natural history of RDS. 

Studies with somewhat similar objectives but with 
diferent drugs have been conducted before. Ad- 
ministration of cortisol to newborn infants with 
RDS did not affect the course of the disease.” 
One possible explanation for the lack of effect of 
glucocorticoids is the increase in serum cortisol 
concentration in RDS.” Also adverse effects of 
glucocorticoids possibly mask the beneficial ones or 
the time required for the beneficial effect of 
glucocorticoids was possibly too long.'® Exogenous 
natural surfactant given in RDS has been shown to 
recuce oxygen and respirator pressure requirements 
and decrease the incidence of air leaks, death, and 
branchopulmonary dysplasia.'* There is conflicting 
information, however, about the efficacy of dry 
artificial surfactant in RDS.” * 

Although lack of surfactant is the principal cause 
of RDS and supplementation of surfactant possibly 
results in immediate amelicration of respiratory 
failure, a ‘drug’ that supposedly stimulates synthesis 
of surfactant cannot have a similar effect, as it 
recuires time before a change in endogenous syn- 
thesis, secretion, and accumulation of surfactant 
into the airways takes place. None the less, both 
exogenous natural surfactant’* and inositol reduced 
the severity of RDS, although the former had a 
mcre striking effect. Infants treated with inositol 
had fewer failures of indomethacin to close the 
patent ductus arteriosis compared with controls. It is 
difficult to conceive that all these effects were due to 
an increase in production of surfactant. Although 
there are no other explanations at present, it is 
possible that systems other than the surfactant 
depend on dietary inositol too. 

Inositol-phosphoinositide pair serves as a ‘terti- 
ary’ messenger of various functions associated with 
the cell membrane—for instance, secretion of many 
hormones (glucocorticoids, thyrotrophin releasing 
hormone, insulin, angiotensin, acetylcholine, and 
others), local factors (epidermal growth factor), 
transmission of nerve impulse, or function of white 
cells.4 7° The evidence that! inositol is important 
in reproduction and early development has been 


i 
| 
| 
| 
H 
‘ 
i 


challenged,® and in view of the ubiquitous synthesis 
and active intracellular transport of this sugar it has 
been considered that the availability of inositol is 
not rate limiting in the transmitter functions con- 
cerned. This concept may not always be true 
because—for example, in experimental diabetic 
neuropathy—inositol supplementation restores 
neuronal inositol concentration and improves the 
abnormal peripheral nerve conduction velocity.” 

Inositol is highly compartmentalised. Although a 
high affinity, sodium requiring active inositol trans- 
port is present in any tissue, the availability of 
inositol in a specific intracellular site may depend on 
a variety of factors, such as active inositol uptake, 
endogenous synthesis, permeability, and concen- 
tration gradient across the membrane. These deter- 
minants additionally change during perinatal 
development”! ‘or during disease.” It is therefore 
conceivable that phosphoinositide mediated func- 
tions critically depend on the availability of inositol. 

The present data, showing evidence of the benefi- 
cial effect of inositol in RDS, is still preliminary. 
Several important questions remain. Only small 
preterm infants with RDS were treated. The benefi- 
cial effect was evident among those with gestational 
ages less than 31 weeks and weighing less than 
1500 g. Newborns with renal failure were not treated 
as in uraemia the lack of renal inositol secretion and 
catabolism re: in hyperinbsitolaemia.~ The 
dose, duration of treatment, and other pharmacody- 
namic aspects of inositol remain unclear, and the 
possibility that it causes side effects has not been 
excluded either. Long term follow up of the infants 
is in progress. Nevertheless, the present results 
support the concept that some substrates have 
specific roles in differentiation and raise a question 
whether immature newborn infants or some high 
risk fetuses need an adequate supply of a wider 
range of nutrients than considered necessary at 
present. 
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‘Thiopentone induced coma after severe birth 
asphyxia ! 


J A EYRE AND A R WILKINSON 
Neonatal Unit, Department of Paediatrics, University of Oxford, John Radcliffe Maternity Hospital, Oxford 


SUMMARY The aim of this study was to determine the feasibility of inducing a prolonged coma in 
severely asphyxiated newborn babies by the infusion of high dose thiopentone. In six severely 
asphyxiated babies the electroencephalograph (EEG) and blood pressure were monitored con- - 
tinuously. Thiopentone was infused at a rate sufficient to suppress completely the EEG providing 
the mean blood pressure remained above 35 mm Hg; it was continued until there was no evidence 
of cerebral oedema for 24 hours. In two the infusion was stopped prematurely because of 
_ hypotension that was unresponsive to treatment. In the other four a deep coma was maintained 
for a median duration of 127 hours. All developed pharmacodynamic tolerance to the thiopentone 
and showed non-linear elimination kinetics. Three babies died; the three survivors have 
moderate to severe handicap. It was concluded that with full intensive care it is possible to induce 
a deep coma; the. outcome does not seem to be improved, however, and the incidence of 


complications was high. 


Babies born without a heart beat who despite 
resuscitation do not start to breathe spontaneously 
within the first half hour after birth have a poor 
outcome.’ In a large study, babies with an Apgar 
score of three or less for moré than 20 minutes had a 
mortality of 87% and the rate of cerebral palsy in 
survivors was 57%.‘ Monitoring of heart rate and 
sonography are used to identify the fetus at risk of 
intrapartum asphyxia, but despite this some are 
born profoundly asphyxiated. Although death re- 
sults from damage to organs other than the brain, 
long term morbidity is almost exclusively a conse- 
quence of impaired brain function. 

There is debate about the; management of post- 
asphyxial encephalopathy. Severe restriction of fluid 
intake to reduce production! of cerebrospinal fluid 
and prevent cerebral oedema:has not been shown to 
be beneficial and may result in depletion of intra- 
vascular volume and hypotension.” Hyperventila- 
tion decreases raised intracranial pressure only by 
reducing cerebral blood flow; if there is associated 
hypotension from myocardial ischaemia or hypovo- 
laemia hyperventilation may ‘lead to further neuro- 
nal injury. Although steroids are often given, there is 
no evidence of a reduction in the cerebral oedema 
after hypoxia, ischaemia, or trauma.® Hyperosmotic 
diuretics can decrease intracerebral interstitial fluid 
and lower intracranial pressure. When there is 
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increased vascular permeability from hypoxia, 
however, influx of hyperosmotic fluid may increase 
the intracranial water content further and lead 
instead to a rise in intracranial pressure.’ 

Barbiturates have been shown to induce a revers- 
ible depression of neuronal function, cerebral meta- 
bolic rate, and blood flow.’ These effects are 
dependent on dose until the electroencephalogram 
(EEG) is isoelectric when cerebral metabolic rate 
and blood flow are reduced by 50%.° The reduced 
cerebral blood flow is associated with an increased 
cerebrovascular resistance and reduced cerebral 
blood volume. This may explain the accompanying 
reduction in intracranial pressure.’ In addition, it 
has been suggested that barbiturates stabilise 
lysosomal membranes, quench oxygen free radicals, 
reduce intracellular calcium concentrations, and 
modify amino acid and neurotransmitter release 
from the neurone.” 

When given to animals before generalised cere- 
bral ischaemia high doses of barbiturates protect the 
newborn and fetal brain.!° This effect, however, 
has not been found consistently after global cerebral 
ischaemia in mature animals.’ Barbiturates given 
before or sometime after cerebrovascular occlusions 
reduce the area of infarction in many species. *!° In 
primates subjected to permanent middle cerebral 
artery occlusion the reduction in the size of the 
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infarction is proportional to the dose until there is 
meximal suppression of neuronal activity.” Ë A 
beneficial effect has been shown even when treat- 
ment with barbiturates was delayed up to two hours 
after the occlusion. ? © 1 1° When vascular occlu- 
sien has been followed by re-perfusion coma in- 
duced by the barbiturate, started after 30 minutes 
anid maintained for 96 hours, provides nearly 
complete protection.” 

an view of these findings we designed a study to 
investigate the possibility of using treatment with 
hich dose barbiturate for newly born babies who had 
sustained very severe intrapartum asphyxia. 


Patients and methods 


Babies born between May 1980 and December 1982 
in the John Radcliffe Maternity Hospital, Oxford, 
were eligible for the study if there was no heart beat 
at birth and despite resuscitation they failed to 
establish spontaneous respiration within 20 minutes 
after birth. Babies with obvious lethal congenital 
malformations were excluded. 

‘Thiopentone was selected as the most appropriate 
barbiturate because it is highly lipid soluble; thus 
high concentrations can be achieved in neurones 
wihin seconds of an intravenous bolus. 

After resuscitation had been performed and a 
resular heart beat established the babies were 
trensterred to the intensive care nursery. The 
passible benefits and side effects of an infusion of 
thaopentone were discussed with one or both parents 
as soon as possible and before starting the infusion. 
Their consent for this treatment was obtained. 
Umbilical arterial and venous catheters were in- 
serted and the aortic blood pressure and the central 
venous blood pressure were monitored continuously 
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A “wo channel EEG was recorded continuously, using 





Table 1 Clinical characteristics of the patients 

Case Sex Gestation Weigh Duration of labour 

Nea {weeks} į R) a sorted cae D r O 
First stage Secand stage 
th} froin} 

! M 4} 4270 4-5 23 

2 M 4] 3430 10-5 30 

3 M 4! 3400 30-3 6} 

4 F 4i) 3230 3-8 a 

5 F 4n 3480) 11-5 77 

6 F 44 3740 Cord 

prHapse 
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a method described previously.” If the mean aortic 
blood pressure was greater than 35 mm Hg an infusion 
of a 2-5% solution of thiopentone in water was started 
through the central venous catheter. A loading dose 
of 10 mg/kg of thiopentone was given over 30 
minutes. In the next hour a further dose of 10 mg/kg 
was given. Thereafter, the rate of infusion of 
thiopentone was reduced to 2 mg/kg/h and subse- 
quently adjusted to keep the EEG isoelectric. 

If the mean aortic blood pressure fell below 35 
mm Hg and the central venous blood pressure was 
less than 12 em H0O piasma was infused. If the mean 
aortic blood pressure fell below 30 mm Hg the 
infusion of thiopentone was stopped, but if it did not 
rise above 35 mm Hg in the subsequent half hour an 
infusion of dopamine was started at 2 ug/kg/min, 
increasing to a maximum of 10 ug/kg/min. When the 
mean aortic blood pressure was above 35 mm Hg the 
infusion of thiopentone was restarted. 

All babies received intermittent positive pressure 
ventilation, and arterial blood gases were measured 
at least four hourly, The oxygen tension was 
maintained between 6-6 and 11-3 kPa (50-85 mm 
Hg) and the carbon dioxide tension between 3-7 and 
4-6 kPa (28-35 mm Hg). The intake of non-colloid 
fluid was 60 ml/kg/24h, given intravenously. 

An ultrasound scam of the brain was performed 
daily. Myocardial function was assessed by electro- 
cardiograph (ECG) daily and by echocardiography. 
Blood glucose concentration was measured three 
hourly, plasma thiopentone concentration six 
hourly, and plasma electrolyte concentrations and 
liver function tests daily. 

The infusion of thiopentone was continued until 
there was a 24 hour period with no evidence of 
raised intracranial pressure based on clinical ex- 
amination and cerebral ultrasonography. Babies 
who died had a postmortem examination, which 





Method of Time from birth te onset of First blood 


Bee aes delivery PIE P Mer Re erer SOO aE Tet PRN Ta pH 
Heart beat Respiration 
{punt imin} 
SVD 2 23 POS 
KFRD {i} 20 TAY 
KFRD 5 120) 59" 
NBFD 10 On gtr 
Ventouse 30 Never 6-87" 
Ventouse 3 $56 6-734 


failed, LSCS 


—stt—temntrierrererinttrannmennrettte eno rete aa reerrennnitutitnietieces 


SVIs=Spontaneous vaginal delivery. 

KFE.D=Kejdand’s forceps rotational celivery. 

NBFD-=Neville Barnes forceps delivery. 

LSCS=lower segment caesarean delivery, 

“Arerial blood taken after resuscitation and treatment with bicarbonate, 
FUrabiical arterial blood. 
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included .a histological examination of the brain. A 
clinical examination, intellectual assessment by the 
Griffiths scale, and assessment of visual and audi- 
tory function was carried out on the surviving babies 
at the age of 3 years. 


Results 

Altogether, 15 522 babies were born during the 32 
months of the study. Six babies fulfilled the criteria 
for entry, which represented an incidence of 0-4/ 
1000 live births each year. 

The clinical characteristics: of the babies studied 
are summarised in Table 1. Two patients (cases 3 
and 4) were monitored by cardiotocography during 
labour and had evidence of fetal distress. Case 3 had 
a fetal tachycardia of 2180 beats/min, with loss of 
variability for three hours before delivery. Case 4 
had late decelerations in heart rate for two hours 
followed by a fetal bradycardia of less than 60 
beats/min for 35 minutes before delivery. There was 
meconium staining of the liquor during the labour of 
cases 2 and 5. Cases 1, 2, and 4 had the umbilical 





cord tightly around their necks at the time of 
delivery. 

The median time between birth and starting the 
infusion of thiopentone was 115 minutes, with a 
range of 60-140 minutes. The maximum plasma 
thiopentone concentrations measured during each 
24 hour period during and after the stopping of the 
infusion are shown in Figure 1. In cases 2 and 5 the 
infusion was stopped after five and 30 hours, 
respectively, because of hypotension that was unre- 
sponsive to an infusion of dopamine- The remaining 
four babies completed the study. The median 
duration of the infusion of thiopentone in these 
babies was.127 hours, with a range of 86-169 hours. 
In all four progressively increasing plasma concen- 
trations of thiopentone were required to maintain an 
isoelectric EEG. Neurological examination during 
the barbiturate coma was uninformative; even deep 
tendon, occipitocephalic, and corneal reflexes were 
abolished. The pupils remained constricted and 
were non-reactive to light. 

After stopping the infusion the rate of thiopen- 
tone elimination was measured in cases 3, 4, and 6 
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Fig. 1 Plasma thiopentone concentrations in the six infants from the onset of infusion. 
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(Fig. 2). The rate of thiopentone clearance was not 
constant, rather it slowly increased with time, 
indicating the presence of non-linear elimination 
kinetics. Cases 3 and 6 began to ‘show. clinical 
evidence of cerebral ectivity (movement in response 
to a noxious stimulus) at plasma thiopentone con- 
centrations of less than 187 and 165 pmol/l 101 and 
107 hours, respective_y, after the infusion had been 
stopped. Case 4 sustained brain death and showed. 
no clinical evidence of cerebral activity when the 
serum thiopentone concentrations were unrecord- | 
able. 

The major side effects were dose- dependent 
cardiovascular and respiratory depression. The 
loading dose of thiopentone suppressed all spon- 
taneous respiratory effort; all babies received inter- 
mittent positive pressure ventilation,. the: median. 
period being 9-5 days, with a range of 3~20 days. In 
addition, four babies had early respiratory problems 
attributed to asphyxial lung injury. Soon after birth 
all six babies had ECG and ultrasound evidence of 
myocardial ischaemia or infarction. In all the heart_ 
rate and blood pressure fell after the beginning of 
the infusion of thiopentone (Fig. 3). In two (cases Z 
and 5) an infusion of dopamine was used to support 
myocardial function All six babies had clinical 
evidence of acute tutular necrosis and all had initial 
low plasma calcium concentrations (less than 1-5 
mmol/l (6mg/100ml)}; two (cases 3 and 6) had one 
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Rate of infusion and plasma concentrations of thiopentone for case 3 in relation to heart rate and blood pressure. 
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- Table 2 Outcome of the patients. 
Babies who survived. 








Case Age at last Clinical findings 
No examination (years. 
Motor Sensory intellectual Other 
1 5 Mik spestic diplegia Moderate retardation a 
2 4 Severe dystonic cerebral palsy — Normal oa 
6 3 Severe spastic quadriplegia Severe retardation Epllepsy, 
microcephaly 
Bables who died. 
Case Age al death Post mortemfindings 
No 
Brain Heart Kidney Liver 
3 8 months ~Severe atrophy. Neuronal cell loss. Normal Normal Normal 
Gliosis invelymg cerebral cortices, 
basai ganglia, thalamus, hypo- 
thalamus, and brain stem “ 
4 13 days Severe nocrosis of the Normal Vascular Normal 
neurons of cerebral congestion 
cortex, basal ganglia, thalamus, 
hypothalamus, corpus callosum. 
cerebellum, and brain stem 
5 5 days Anoxic haemorrhages. Earl Biventricular Acute tubular Centrilobular 
neuronal necrosis, involving cerebral infarction necrosis necrosis 


thalamus, hypothalamus, and 
brain stem 


hypoglycaemic episode (less than 1-1 mmol/l (19-8 
mg/100 ml)). Three babies died (cases 3, 4, and 5), 

and three survived with serious disabilities (cases L, 

2, and 6). The outcome of the babies is tabulated in 
Table 2. 


Discussion ' 


The poor outcome of the survivors of this study was 
disappointing. The explanation may lie in the delay 
from the onset of cerebral ischaemia to the adminis- 
tration of the thiopentone. In the babies the 
neuronal ischaemia must have begun during 
labour and it is therefore difficult to determine the 
exact time of onset for each baby. Only two babies 
had cardiac tocographic monitoring during labour: 
both had evidence of fetal distress for more than two 
and a half hours before delivery. In addition, there 
was a delay from birth to the administration of 
thiopentone. During this time resuscitation was 
performed, the baby transferred to the intensive 
care nursery, catheters placed in the aorta and 
inferior vena cava, monitoring of pressure begun, 
and parental consent obtained. The total time from 
the onset of neuronal ischaemia to administration of 
thiopentone may have been up to four hours. 
Animal studies have shown a beneficial effect from 
thiopentone only when it was administered up to 
two hours after the onset of neuronal ischaemia. 
The major side effect of the! infusion of thiopen- 


tone was cardiovascular suppression. It has been 
shown that this myocardial toxicity will be potenti- 
ated if the myocardium is compromised or if 
intravascular volume is depleted. There was clinical 
evidence of myocardial ischaemia in all six babies 
studied, and cardiovascular suppression was evident 
in all six immediately after administering the first 
dose of thiopentone. If episodes of hypotension and 
thus further cerebral ischaemia are to be avoided in 
very severely asphyxiated babies it is important to 
monitor both arterial and central venous blood 
pressures before starting the infusion of thiopen- 
tone. In- addition, it is necessary to assess cardiac 
function regularly by clinical examination, ECG, 
and echocardiography. 

To keep the EEG suppressed the serum thiopen- 
tone concentrations had to be progressively in- 
creased. A similarly rapid onset of pharmacodyna- 
mic tolerance has been described previously in adult 
patients,” but its mechanism is unknown. The rapid 
development of tolerance makes continuous record- 
ing of the EEG mandatory as it provides the only 
guide to the necessary rate of infusion of the 
thiopentone. Thiopentone is almost completely 
metabolised by a hepatic microsomal system, with 
only 0- 0:3% being recovered unaltered in human 
urine.” When used in low doses (5 mg/kg}—for 
example, as a bolus for the induction of 
anaesthesia—thiopentone shows first order kinetics 
with a half life in neonates double that of adults (16. 
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hours and eight hours, respectively).” In this study 
after prolonged administration thiopentone showed 
non-linear kinetics, and initially there was a very 
slow clearance of thiopentone from the blood. This 
non-linearity is probably a consequence of the 
satu-ation of the hepatic enzyme system that oxi- 
disez thiopentone to an inactive carboxylic acid 
metabolite. This has important therapeutic implica- 
tions: when the infusion is stopped after a prolonged 
period the subjects remained comatosed for many 
days. Intensive care must continue during this time, 
and it is impossible to make a detailed assessment of 
neurological function. Such a long period of coma 
and uncertainty immediately after a difficult deliv- 
ery 5 stressful both to the parents and to the medical 
and nursing staff caring for the baby. 

Tais study shows that treatment with high dose 
thioDentone is possible in the newborn after severe 
intrepartum asphyxia but that it requires full inten- 
sive care and extremely close medical and nursing 
supervision. When begun one to two hours after 
` birth the outcome does not seem to be improved and 
the ncidence of complications is high. 


We taank Professor Sir Peter Tizard for his advice, Dr J Keeling 
and Dr M Esiri for performing the postmortem examinations, and 
Mrs P McEwen for typing the manuscript. 
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Head size, brain growth, and lateral ventricles in very 
low birthweight infants 


S W D'SOUZA, M GOWLAND, B RICHARDS, J CADMAN, V MELLOR, D G SIMS, AND 
M L CHISWICK 


SUMMARY Ninety eight newborn infants weighing <1500 g at birth and with gestational ages 
from 26 to 32 weeks were followed prospectively. They were grouped according to real time 
ultrasound scans in the neonatal period: infants in group A (n=20) had periventricular 
haemorrhage (PVH) and normal ventricles; infants in group B (n=26) had PVH and dilated 
ventricles (none with clinical hydrocephalus); and infants in group C, who formed the control 
group (n=52), had no PVH and normal ventricles. At outpatient follow up a static image 
ultrasound scanner was used to measure the width of the lateral ventricles and brain hemispheres. 
The three groups of infants showed similar growth in occipitofrontal circumference, biparietal 
diameter, and brain hemispheres irrespective of a history of PVH or ventricular dilatation. The 
relation of ventricle size to biparietal diameter was similar in those infants in groups A (PVH 
alone) and C (controls) who had a good outcome. About a third (n=8) of the infants in group B 
had persistent ventricular dilatation in relation to biparietal diameter and a poor outcome 
associated with developmental delay and cerebral palsy. By contrast, the remaining two thirds 
(n= 18) of the infants in group B who later had smaller ventricles in relation to biparietal diameter 
showed fewer neurodevelopmental sequelae. It is suggested that persistent ventricular dilatation 
in relation to biparietal diameter at follow up carries a bad prognosis, which might be due to brain 
atrophy. 


Ultrasound scanning of the neonatal brain is a major 
advance in the diagnosis of periventricular haemor- 
rhage (PVH). Most studies report such haemor- 
rhages in about 50% of preterm infants weighing 
less than 1500 g, and the prevalence of haemorrhage 
is higher in infants under 1000 g at birth.’ Palmer 
et al have shown that infants with PVH and 
ventricular dilatation do not progress as well in their 
later development as infants with PVH alone.‘ 
Usually, ventricular dilatation occurs in infants who 
have sustained moderate to severe PVH, but both 
Palmer et al and Stewart et al have occasionally 
neted ventricular dilatation occurring after small 
haemorrhages in the subependymal area and within 
the ventricles.* > Progression to clinical hydrocepha- 
lus carries a poor prognosis, due to cerebral palsy, 
developmental delay, and deficits in hearing and 
vision in later childhood.” This has raised concern 
that our usual practice of not intervenimeg in infants 
with ventricular dilatation until there is rapid head 
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growth and signs of raised intracranial pressure may 
allow unnecessary neurological damage. 

Little is known about the natural history of 
ventricular dilatation after PVH in infants who do 
not develop clinical hydrocephalus. We report here 
our findings on later head growth and growth of the 
lateral ventricles and of the brain hemispheres in an 
unselected series of very low birthweight infants. 


Patients and methods 


Infants. Ninety eight newborn infants born at St 
Mary’s Hospital between 1980 and 1983 with birth 
weight <1500 g and gestational age 26-32 weeks 
who survived the neonatal period were followed up 
prospectively. Their clinical details are shown in 
Table 1. A real time ultrasound sector scanner fitted 
with a 5 mHz transducer was used for carrying out 
neonatal brain scans.’ In 20 infants there was 
haemorrhage in the germinal layer, and in eight of 
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Tabie 1 Clinical details of the 98 infants studied 


Group A 
(PVH alone; 
n=20) 
Delivery 
Vertex 10 
Breech 1 
Forceps 0 
Ca» sarean section 9 
Face 0 
Mear- (SD) gestational age (wks) 29-6 (1-9)**t 
Mear (SD) birth weight (g) 1139 (168)* 
Mear (SD) occipitofrontal circumference (cm) 25-7 (1-3)* 
Neonatal conditions: 
Idi əpathic respiratory distress 12 
Jaundice 19 
Sefticaemia 6 
Patent ductus arteriosus 6 
Apnmocic attacks 4 
Pneumonia 8 
Necrotising enterocolitis 2 
Pn-umothorax 4 
Hypoglycacmia 2 
Congenital anomaly (hydrocele, 
etslocated hip, herria) 2 


Group B Group C à 
(PYH and (normal 
ventricular dilatation; controls; 
n=26) n52) 
11 20 
2 3 
1 1 
11 28 
1 0 
28-1 (2-4)*** 30-8 (2-1) 
1093 (202)*** 1256 (179) 
26-4 (1-1)*** 27-1 (1-5) 
14 26 
26 49 
14 9 
10 9 
11 11 
14 5 
7 9 
3 2 
3 1 
3 2 


Group A v group C:* p<0-05,** p<0-01; Group B v group C:*** p<0:001; Group A v group B:t p<0-05. 


these infants the haemorrhage extended into the 
ventricles but without causing obvious dilatation, in 
tha: the width of the body of the lateral ventricles 
was between the 3rd and 97th centiles for gestational 
age.° These formed group A (PVH and normal sized 
vertricles). In 26 infants the haemorrhage had 
entered the ventricles and caused dilatation (> 97th 
certile®), and these formed group B (PVH and 
dileted ventricles). In three of these infants haemor- 
rhage had extended into the brain parenchyma. The 
remaining 52 infants had no PVH and normal sized 
vertricles (3rd to 97th centile®) and formed group C 
(centrols). The infants were discharged from hospi- 
tal by their estimated date of delivery (40 weeks 
postconceptional age). Five infants with clinical. 
hydrocephalus (increase in occipitofrontal cir- 
cumference about 2 cm/week and crossing centile 
linas) who had received neurosurgical treatment 
were excluded: otherwise all infants born when 
ulttasound was available were included. 


Follow up. At each clinic visit the occipitofrontal 
circumference was measured with a paper measur- 
ing tape, biparietal diameter with steel callipers, and 
width of the lateral ventricles and brain hemispheres 
by static image (grey scale) ultrasound.? 


Width of the lateral ventricles and brain hemispheres. 
A static image ultrasound scanner, with a 2-25 mHz 
tramsducer, was used. The infant was placed recum- 
beat with his head in the true lateral position. The 
scenning arm was placed perpendicular to the 


infant’s head, with gel between the transducer probe 
and the head. Scans were made at 5 mm intervals 
from the external auditory meatus to the vertex, 
parallel to the canthomeatal line. As echoes from 
the interface between transducer and skin inter- 
ferred with the quality of images from the same side 
the dimensions of the lateral ventricle and brain 
hemisphere were measured on the contralateral 
side. The infant’s head was turned to obtain 
measurements on the other side. The measurements 
were made with electronic callipers, at the level of 
the mid-body of the lateral ventricle, from the 
midline echo to the first strong echo of the lateral 
ventricular wall. The hemisphere was measured at 
the same level from the midline echo to the first 
strong echo of the inner table of the skull. The 
standard error of our measurements was 1% or less. 
Each infant had between three and five ultrasound 
scans during follow up in the first year. 


Developmental assessment. The Griffiths’ scale was 
used in assessments in the second year,’® and a 
developmental quotient was used to indicate the 
overall level of development as suggested by Palmer 
et al. When abnormal vision or hearing was 
suspected the infants were referred for specialised 
ophthalmological and audiometric assessments. 


Data analysis. Differences in mean values were 
compared by Students’ t test. Differences in the 
frequency of proportions between two groups: of 
infants were compared by the x° test or Fisher’s 
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exact test where appropriate. Growth curves were 
fitted to longitudinal data on the rates of increase in 
occipitofrontal circumference or biparietal dia- 
meter, using an exponential decay model, y=ae ™ 
+c. Linear regression analysis (y=ax + b) was used 
in evaluating the relation of ventricle size to 
biparietal diameter. 


Results 


The clinical details in Table 1 show that infants in 
groups A and B were born earlier than infants in 
group C. Consequently, infants with PVH (groups 
A or B) had lower birth weights and smaller 
occipitofrontal circumference values than those in 
group C, but the differences were fairly small. Mode 
of delivery and neonatal complications were similar 
in the three groups of infants. When the infants were 
followed up their postnatal age was corrected for 
prematurity. 


Occipitofrontal circumference. biparietal diameter, 
lateral ventricles, and brain hemispheres in the first 
year. The data within each subgroup (divided 


according to estimated date of delivery up to 16 
weeks, 17-33 weeks, and 34-50 weeks) in Table 2 
are normally distributed, and the timing of measure- 
ments were similar in all three groups. The mean 
occipitofrontal circumference and mean biparietal 
diameter in the three groups were statistically 
similar, although infants in group B had larger 
ventricles. The measurements of left hemisphere 
and right hemisphere in the three groups were also 
similar, so it seems that infants in group B with 
larger ventricles had a narrower width of brain 
tissue. 


Growth rates in occipitofrontal circumference and 
biparietal diameter. All three groups had similar 
growth rates in occipitofrontal circumference and 
biparietal diameter. Thus the growth rates were not 
significantly affected by PVH or ventricular dilata- 
tion. The growth trajectory in each group showed a 
progressive decline in velocity (cm/wk) from the 
estimated date of delivery onwards during the first 
year (Fig. 1). The period of maximal head growth 
seemed to extend for a period of about 16 weeks 
after the estimated date of delivery. 


Table 2. Mean (SD) [No of observations] occipitofrontal circumference, biparietal diameter, lateral veniricles, and brain 


hemispheres (cm) in the first year 
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Fig.. Growth rate (cmiwk) in eccipitofrental 
circu nference and biparietal diameter in infants in 
groups A, B, and C. 


Ventricie size in relation to biparietal diameter. The 
relation of ventricle size to biparietal diameter was 
high y significant in infants in group C (190 obser- 
vaticns in 52 infants), and this relation was identical 
for the right and left ventricles (right ventricle= 
0-127 biparietal diameter +0-214, r=0-98, p<0-001; 
left ventricle=0:122 biparietal diameter +0-271, 
r=038, p<0-001). Infants in groups A and C 
had a sunilar ventricle/biparietal diameter relation. 
Figu-e 2shows the regression line and 95% confidence 
limits drawn through 190 observations on size of 
right ventricle in infants in group C. This Figure 
also shows growth curves of the right and left 
ventricles in two infants from group B (PVH + 
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Fig. 2 Width of the right ventricle in relation to the 
biparietal diameter. The regression line ( ) and 95% 
confidence limits (22222) drawn through 190 observations 
in 32 infants from the consrol group, group C (see text). 

Growth curves for two infants from group B: right (A) 
and left (A) ventricles in case 1 (persistent ventricular 
dilatation}, right (Q) and left (@) ventricles in case 2 
(transient ventricular dilatation). 





ventricular dilatation). One growth curve shows 
persistent ventricular dilatation and the other shows 
progress to a ventricle/biparietal diameter relation 
consistent with control values. Of the 26 infants in 
group B who started off with ventricular dilatation 
in the neonatal period, 18 showed progress to a 
ventricle/biparietal diameter relation consistent with 
controls (transient dilatation), while the remaining 
eight remained persistently dilated. 

In the paragraph above the ventricle size has been 
related to head growth as measured by the biparietal 
diameter (Fig. 2). There were eight infants who 
showed persistent ventricular dilatation. In contrast, 
if the corresponding Figure is produced using ‘the 


Table 3 Outcome in later childhood of the 98 infants studied 
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Transieat or persistent ventricular dilatation in relation to biparictal diameter. 
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age after estimated date of delivery’ instead of the 
biparietal diameter on the horizontal axis only six 
infants are found to have persistent ventricular 
dilatation (the ventricle size always remaining 
greater than two standard deviations above the 
mean for controls), These latter six infants, identified 
on the age graph, were a subset of the eight infants 
identified on the biparietal diameter figure. 


Outcome in later childhood. Table 3 shows that 
infants in group A did as well in their development 
as infants in group C and had a similar neurological 
state. Infants in group B had a worse outcome, but 
much of this could be attributed to a subgroup of 
eight infants with persistent ventricular dilatation: 
seven of these infants had developmental delay or a 
neurological abnormality, which was mostly due to 
the athetoid type of cerebral palsy. The remaining 
18 infants with a later ventricle/biparietal diameter 
relation consistent with controls generally had a 
favourable outcome, apart from three infants with 
developmental delay or cerebral diplegia. 


Discussion 


In clinical practice measurements of head size give 
some indication of brain growth. In our study the 
initial 16 week period (after the estimated date of 
delivery) of fairly rapid growth in occipitofrontal 
circumference and biparietal diameter might be part 
of catch up growth previously observed in similar 
preterm infants, after body weight deficits in the 
neonatal period associated with various illnesses and 
feeding difficulties..’ Indeed, during the catch up 
period head growth might be preferentially en- 
hanced compared with bodily growth’? but should 
not be mistaken for hydrocephalus. In the present 
study PVH does not seem to have had a significant 
effect on subsequent brain growth, judging by 
measurements of occipitofrontal circumference and 
biparietal diameter, although the measurements 
were misleading in eight ‘infants for ventricular 
dilatation was not reflected in external dimensions 
of the head. The persistently dilated ventricles in 
relation to biparietal diameter in these infants 
possibly indicates brain atrophy. 

It is known that the shape of the head alters after 
birth, since side to side flattening of the skull may 
take place due to the head lying on one side and 
then on the other. As a result there is an apparent 
change in head configuration from a near circular to 
an elliptical one," and we thought that this might 
influence the dimensions of the ventricles and brain 
hemispheres. The close correlations between the 
width of the lateral ventricles and the biparietal 
diameter suggest that both variables change at a 
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similar rate during growth. This makes it possible to 
calculate the size of normal ventricles if the bipari- 
etal diameter is known, by using our predictive 
equations. In addition, it should be possible to 
monitor changes in ventricle size after PVH in 
relation to biparietal diameter by using Figure 2. 

The static image (grey scale) ultrasound scanner 
used in this study is an instrument that is commonly 
used in obstetrics for measurements of fetal bipari- 
etal diameter. The accuracy of echo encephalo- 
graphic measurements of brain ventricles with this 
technique has been previously established." » 
There is a close correlation between ventricle size 
measured by static image ultrasound and by com- 
puted tomography; also the severity of hydrocepha- 
lus indicated by computed tomography is in agree- 
ment with that indicated by ultrasound.” A sharp 
outline of the lateral margin of the ventricles was 
clearly visible by ultrasound due to differences in 
acoustic impedance between brain and cerebrospinal 
fluid. The images seen of the mid-body of the lateral 
ventricle, a sharp outline of the lateral margin, a 
midline echo thought to be generated by the septum 
pellucidum, and a strong echo from the inner 
surface of the skull, enabled us to carry out accurate 
measurements, We found it. difficult to obtain 
reproducible measurements with similar accuracy of 
the transaxial plane with a real time sector scanner. 

In relating ultrasound appearances of the brain to 
later outcome we have shown that the predictive 
value of neonatal scans can be improved by further 
ultrasound observations in the first year. When used 
on an outpatient basis the ultrasound caused little 
disturbance to the infants, spontaneous activity in 
infants did not affect the quality of imaging, and 
sedation was not necessary. Transient ventricular 
dilatation has previously been reported using real 
time ultrasound in four (26%) of 15 infants with 
dilated ventricles, after scanning repeatedly for 30 
days postnatally,’ and eight (38%) of 21 infants with 
dilated ventricles who had scans until discharge from 
hospital.° In both these studies the greater propor- 
tion of infants had persistent ventricular dilatation 
from an assessment based on a fairly short period. In 
comparison, in our study most dilated ventricles in 
our infants in group B reverted to normal size after 
12 months’ observations. On this basis ‘transient’ 
ventricular dilatation occurred in 18 (70%) of the 26 
infants in group B when the size of the ventricle was 
assessed in relation to biparietal diameter or in 20 
(77%) infants when the assessment was according to 
age after estimated date of delivery. Clearly, it takes 
a longer time for blood in the ventricles to be 
absorbed in order that ventricle size can revert to 
normal. 

Early ultrasound findings in our study (Table 2) 
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suggest that brain tissue was squeezed by distended 
ventricles against the inner surface of the skull. Our 
conclusion comes from the fact that all three groups 
have the same biparietal diameter, occipitofrontal 
circumference, and left and right hemispheres, but 
the ventricle size in group B is clearly increased. 
Thus if the skull size is fixed the brain must be 
squeezed when enlarged ventricles are present. This 
raises a possibility that the immature brain, which is 
known to contain less myelin, can to some extent 
acccmmodate distended ventricles by reducing its 
réla“ively large extracellular space. Unfortunately, 
by relating ventricle size to biparietal diameter in 
earl? infancy we cannot be certain whether the brain 
is merely being squeezed by distended ventricles, 
with a later possibility of recovery, or whether 
progressive brain atrophy is taking place. Measure- 
merts of head size or rates of head growth are not 
heicful in distinguishing between the two. More- 
over, there is some uncertainty on our part about 
the reliability of intracranial pressure measure- 
merts, using non-invasive techniques, presently 
avaiable in excluding brain atrophy. As the limita- 
tions of these methods in assessing prognosis in early 
infancy are recognised a more recent approach has 
beem to investigate neonatal brains for periventricu- 
lar -nfarction. 

Irfants with persistent ventricular dilatation may 
have included those with brain atrophy due to 
periventricular infarction, which is subsequently 
asscciated with retarded development and cerebral 
palsy.° 7 Volpe et al have shown by positron 
emission tomography that periventricular infarction 
can be more extensive than the haemorrhage 
suggests.'® Recently, periventricular infarction has 
been diagnosed by real time ultrasound using a 7-5 
mHz transducer, which provides better resolu- 
tion- !° 2 Extension of intraventricular haemorrhage 
into brain tissue carries a higher risk of major 
disability, and because of this the outlook after 
intracranial extension has been tegarded with con- 
siderable pessimism, notably in very premature 
infants.71 The three infants in our study ie an 
intracerebral extension of haemorrhage had, 
deed, persistently dilated ventricles and a ae 
outcome due to developmental delay and cerebral 
palsy. Thus in assessing outcome after PVH the 
relazion of ventricle size to biparietal diameter at 
follow up should be used as a prognostic indicator. 
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Sonographic finding of the bright thalamus 


E Y SHEN, C C HUANG, S C CHYOU, H Y HUNG, C H HSU, AND F Y HUANG 
Department of Pediatrics, Mackay Memorial Hospital, Taipei, Taiwan 


SUMMARY Six of 83 asphyxiated neonates showed a diffuse increase of echodensity in bilateral 
thalami with or without other lesions in the basal ganglia on sonographic examination. The 
thalamic image still had a fairly high echogenecity compared with the surrounding brain 
parenchyma on follow up examination and was hence termed the bright thalamus. These six 
patients had a poor neurological outcome, including psychomotor retardation, spastic diplegia or 
quadriplegia, microcephaly, failure to thrive, seizures, and one death. The bright thalamus is not 
an occasional or an isolated sonographic finding of hypoxic-ischaemic encephalopathy, but it may 
serve as a landmark of severe hypoxic brain damage with adverse outcome. 


Neonatal asphyxia is one of the main problems 
occurring in neonatal intensive care units. Brain 
insult during the neonatal period accounts for the 
adverse neurological outcome in many handicapped 
children with non-progressive neurological deficits. 
The introduction of sector sonography provides 
an efficient, non-invasive diagnostic technique to 
evaluate these asphyxiated neonates at the bedside, 
even if the subject is being mechanically ventilated. 
The sonographic findings of post-asphyxial encepha- 
lopathy have been described by several authors. 
An additional finding of hyperechodense bilateral 
thalami has been reported; by one of us.” This 
finding had been termed the ‘bright thalamus’. To 
clarify this finding and its ‘prognostic value, the 
sonographic features of six cases with bright thala- 
mus are presented and their clinical features as well 
as short term outcome are ‘described. 


Patients and ‘methods | 

Eighty three patients with fetal distress or perinatal 
asphyxia were admitted to the neonatal intensive 
care units of our hospital from October 1983 to 
September 1985. ‘All of them received sonographic 
examination of the brain either once or sequentially 
over an indefinite period. Perinatal asphyxia was 
defined according to the criteria of Mulliga et al and 
Finer et al.°’ Timing of the examination was 
decided by the attending. physician according to the 
clinical state of the patient. The sonographic scan- 
ning was performed by the physician subspecialised 
in paediatric neurology and brain sonography. Since 
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the first report of high amplitude echogenecity of 
bilateral thalami in our unit, we have paid much 
more attention to the thalamic image obtained by 
sonography of asphyxiated neonates. Thus we have 
collected six cases with this finding in the past two 
years. We present here the study of these cases with 
their clinical manifestations, sonographic findings, 
results of computed tomography, and short term 
outcome. 

Brain sonography was performed with the Aloka 
SSD-720 5-0 MHz sector scanner in both coronal 
and sagittal plane through the anterior fontanelle 
approach. 

Computed tomograms were obtained in five 
cases, using a Toshiba TCT 80A and scan times of 
2:7 seconds. 


Results 


The summary of clinical information and computed 
tomogram and sonographic findings of the six cases 
with bright thalamus are presented in the Table. All 
of the subjects were born at term with profound 
perinatal asphyxia. The delay of initial crying ranged 
from 10 to 20 minutes, with a mean of 16-3 minutes. 

All six cases showed clinical features of hypoxic- 
ischaemic encephalopathy with seizures, disturb- 
ance of level of consciousness, and hypotonia or 
hypertonia during the neonatal period. 

Timing of detection of the bright thalamus varied 
from 4 days to 4 months. One case, who had had ~ 
serial scanning follow up since birth, had a bright 
thalamus image detected at 89 hours of age. 
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Summary of clinical, sonographic, and computed tomogram findings of six cases with the bright thalamus 














Case Sex Birth Cresia- Clinical Sonographic findings Computed TOMOTAN Öureome jage) 
No weilt ig) Honal agée presentation fage at findings? findings 
fweeks) fage at findings) 

i M 3400 di} DOIC $5 min: seizure, High echogenetic Dilatation of lateral Psychomotor retardation: 

yypotonia. SIADH thalami: basal ventricles and basal puerocephaly: spastic 
ganglia (15d. 3-5 m} cisterna, iscde nse diplegia (13 m} 
thaiami (25 di 

2 F 2350) 40 Fetal distress: meconium Ventricular dilatation: Ventricular dilatation: Seizure; spastic quadriplegia, 
stain, DOIC 20 min, high echogenetic sightly hyperdense microcephaly (18 m} 
hypertonia, opprhotonos thalamu {4 m: Sä m; Psm) thalami (5-5 ad 

4 E 34K 42 Meconium aspiration: High echogenetic thalami, Brain oedema: slightly Microcephaly: infantile 
DOTC 1S min: seizure, basal ganglia {3d 7m) hypedense thafami (7 d} spasm {H m} 
hypertomia 

4 M 30900 A DOC J5 min, seizure; Brain oedema: high Pred (8 dj 
hypertonia; acute echoegenetic thalami 
renal failure iSOh. ph after death] 

3 f 1960 38 DOC i3 min: seizure. High echogencuc Mutuple infarction, Fanure to thrive, 
hypotonia thalami; basal involving Dasal psychomotor retardation: 

ganglia {3 m: ém} gangha, thalami, and infantile spasm {8 m} 
periventricular white 
mailer (6 m} 

É E 3500 4} Fetal distress, meconium High echogencuc Periventricular Paychamotor retardation: 
stain: DOIC 18 min: thalami; leucomalact: microcephaly, spastic 
sejzure: hypotonia, periventricular shehdy hyperdense quadriplegia; infantile 
SIADH hyperechodense {7d im} thalami (im) spasm fa m8 my 

High echogenctic thalami, 
multicystie leucomutacia 
i3m,4m} 
ies Ei cath OS 
DOC = Delay of initial crying; SIADH = syndrome of inappropriate antidiuretic hormone secretion. 


He died at the age of 8 days. The sonography was 
performed again one hour after death and showed 
mild obliteration of the hyperechoes. Unfortu- 
nately, we failed to obtain permission for autopsy 
from the parents. The other five cases received 
sonography follow up and showed persistence of 


hyperdense thalamus at the age of 3, 3. 3!4, 6, and 7 
months, respectively (Fig. 1). 

Computed tomography was performed in the five 
remaining cases within 10 days after sonographic 
examination and all showed isodense or slightly 
hyper- or hypodense thalami (Fig. 2). 





Fig 1 The bright thalamus. fa) Increased echogenecity of thalamus (A) associated with multicystic periventricular 
leucomatacia (B). (b) Diffuse echogenecity of thalamus and caudate nucleus (arrow). 
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Fig. 2 


Discussion 


In normal sonography of the neonatal brain the 
thalamus appears as areas of medium level 
echogenecity.~ |” The present study showed a diffuse 
increase of echogenecity over bilateral thalami in 
severely asphyxiated infants, and this image per- 
sisted on follow up sonography if the patient survived. 
We believe this may be a pathological feature 
of hypoxic-ischaemic encephal opathy because it was 
not found in our previous experience when examin- 
ing 500 normal Chinese neonates.'’ 210 premature 
Chinese neonates (when attempting to determine 
the incidence of subependymal/intraventricular 
haemorrhage in premature Chinese infants. Unpub- 
lished data.}, and more than 1200 scans of sick 
infants who were not asphyxiated. 

Previous investigators have succeeded in detect- 
ing parenchymal echogenecity in the neonatal brain 
with post-asphyxial encephalopathy.“ They sug- 
gested that the hyperechogenecity was presumably 
due to widespread ischaemic change, cerebral 
oedema, or focal ischaemia in the distribution of one 
of the major cerebral vessels.” 

Skeffington et al reported 13 cases of perinatal 
asphyxia with diffuse high amplitude echogenecity 
throughout the brain and suggested cerebral 
oedema.'* Others have described an echogenic 
appearance that corresponded to brain oedema 
during an intraoperative procedure. ™ 

In the present six cases two who had Deen given a 
sonographic examination in the early neonatal 


Case 2. (a) High echogenecity of the bright thalamus in the angle sagittal plane at the age of 3/2 months (arrow). 
(b) Computed tomogram performed at the same time, showing slight hyperdensity of the thalami (arrow). 


period showed diffuse increase of echogenecity in 
whole brain parenchyma and obscured the echoes of 
normal structures as described by Skeffington er al." 

The high amplitude echoes attenuated with 
time, but the thalamic echoes gradually became 
more obvious. The computed tomograms remained 
isodense or slightly hypodense compared with other 
brain parenchyma (Fig. 2). They became slightly 
hyperdense if the scanning was performed in late 
infancy. 

Primary thalamic haemorrhage is a rare finding 
during the neonatal period.'*!’ It may mimic the 
bright thalamus sonographically. An early com- 
puted tomogram may differentiate the bright thala- 
mus from the thalamic haemorrhage by the higher 
resolution density on the scan of the haemorrhage. 
From the sonographic point of view, the bright 
thalamus showed a diffuse homogenous echogenec- 
ity all over the thalamus and the margin was sharp 
and regular. A previous report of acute haemor- 
rhagic necrosis of the thalamus and basal ganglia 
with neuropathological confirmation showed the 
striking feature of haemorrhage with strong echo- 
genecity and irregularity of the echoic margin.'” The 
primary thalamic haemorrhage reported by Trounce 
et al also showed heterogenous echoes of the 
haemorrhage.'® The bright thalamus tends to be a 
diffuse parenchymal change of the thalamus rather 
than a focal destructive lesion. 

Hypoxic-ischaemic insults may cause diffuse brain 
damage, in particular to the cerebral cortex, subcor- 
tical and periventricular white matter, basal ganglia, 


brain stem, and cerebellum. ° The thalamus is 
one of the nervous tissues most vulnerable to 
hypoxia. Sensory nuclei, including the thalamus, 
lateral geniculate body, and colliculi, are the subcor- 
tica. structures that bear the brunt of asphyxic brain 
damage because of their high metabolic require- 
ment.!8 Rorke suggested that selective damage to 
thaEamus or deep grey nuclei, or both, probably 
results from diminution of blood flow in branches of 
basal penetrating vessels or from the phenomenon 
of selective neuronal vulnerability.” 

Sonographically, the bright thalamus was just one 
feature of hypoxic-ischaemic encephalopathy in 
our cases. Increased echoes of the basal ganglia 
(cases 1,3, and 5) and parenchymal change, such as 
mukicystic periventricular leucomalacia (case 
6), were also noted. Whether there is any lesion 
in zhe brain stem or cerebellum is difficult to 
ascertain due to the limited resolution of the 
machine. The outstanding thalamic echogenecity is, 
however, much more easily identified than others. 
Thus it may represent a critical sign of hypoxic brain 
insult. 

The neuropathology of the persistence of the 
bright thalamus in late infancy remains obscure. We 
presume this could be a feature of status marmor- 
atus and look forward to a pathological confirma- 
tion. This disorder is more common in term than in 
premature infants, with premature birth being noted 
in “ewer than 5% of cases..2! The neurological 
manifestations of status marmoratus in the neonatal 
period are unknown.’ A further study of the 
correlation between the bright thalamus and status 
marmoratus will be helpful in identifying this 
disorder early. 

Fave of our cases survived and all showed pro- 
nounced psychomotor retardation and other com- 
plications, such as microcephaly, seizures, spastic 
dip egia or quadriplegia, and failure to thrive. The 
tha amic damage per se may not account for all of 
these complications. From the present study, we 
found that only 7% (6/83) of the asphyxiated 
necnates had such complications, and all of them 
hac longer duration of asphyxia than others. This 
suggests that the bright thalamus is only found in 
protoundly asphyxiated neonates. 

In summary, the bright thalamus should be 
distinguished from thalamic haemorrhage or other 
tha amic desease. It is not an occasional or an 
isolated finding in hypoxic-ischaemic encephalo- 
patiy. The association of increased echogenecity of 
the basal ganglia or other parts of the brain is not 
rare. But because of its easy identification, we 
sugzest that the bright thalamus may serve as a 
landmark of profound asphyxic brain damage with 
adverse neurological outcome. 
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Age specific xerophthalmia rates among displaced 


Ethiopians ` | 


L D PIZZARELLO 
Helen Keller International Inc, New York, United States of America 


SUMMARY The recent famine in Ethiopia has resulted in the dislocation of millions of people. 
Many of these individuals have moved to refugee camps in Sudan or to feeding centres within 
Ethiopia. 

A total of 1325 children up to the age of 15 years were examined by an ophthalmologist in 
January 1985 at several sites in these two countries. The rates of Bitot’s spots were three times 
greater in those between the ages of 7 and 10 compared with those under 7. Rates of corneal 
xerosis were comparable for each group. Previously, xerophthalmia was considered predomi- 
nantly to affect children aged under 6. These data document the presence of the disease in older 
children and raise questions regarding future modifications in the prevention and treatment of 


xerophthalmia. | 


Xerophthalmia has been recognised as one of the 
leading causes of childhood blindness in most 
developing countries.’ Initially found in high rates in 
Asia, recent reports clearly show considerable 
problems with vitamin A deficiency on the African 
continent.” 7 The presence of large numbers of 
children in areas of drought’ and political upheaval 
has resulted in mass starvation and attendant to that 
some of the highest rates of xerophthalmia ever 
recorded.* 

Traditionally, xerophthalmia has been considered 
to have peak prevalence in’ children 2-6 years of 
age. Because of the severity of the nutritional 
situation in Ethiopia, all children up to 14 were 
considered at high risk for malnutrition and so were 
included in this assessment. 

j 
Patients and methods l 
In January 1985 a rapid assessment was carried out 
to determine the extent of ‘xerophthalmia among 
children from birth to 14 years of age who were 
affected by the recent drought in Ethiopia. Children 
were seen at several sites, located at two refugee 
centres in the Sudan that housed Ethiopians as well 
as at feeding centres. within Ethiopia itself. Trans- 
port limitations necessitated! that only these areas 
were visited. At each site children were sampled 
from as many different settings as possible to 
broaden the representation of the population at risk. 
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All children had been subjected to severe depriva- 
tion and starvation in the preceding months. 

An ophthalmologist (LDP) saw each child, asking 
for age and sex, and then, using a handlight, 
examined the ocular adnexa, conjunctiva, cornea, 
and anterior chamber. Visual acuity was estimated 
to be better or worse than 3/60 based on clinical 
signs. Whenever possible, children with appreciable 
corneal scarring or blindness were examined as 
thoroughly as possible, given the field conditions. 
Any informant present with the. child was queried 
concerning clinical history, and every attempt was 
made to assign an aetiology to each case of 
important ocular disease. Children with any signs of 
active xerophthalmia were treated appropriately. 


Results 


Children were examined at several sites in both 
countries, as summarised in Table 1. The subsites 
where the assessment was performed.are listed as 


Table 1 Children examined categorised by site 


Site Type Population No of 


children 
Wad, Kowll, Sudan Refugee camp 50 000 518 
Wad Sheriffe, Sudan Refugee camp 80 000 166 
Alamata, Ethiopia Feeding centres Not applicable 641 
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wek as the population of the sites at the time of the 
assessment and the nature of the setting. 

A. total of 1325 children was examined for whom 
age and sex were available, and the information is 
given in Table 2. Sixty four cases of xerophthalmia 
in eny of its manifestations, except night blindness, 
were found, giving an overall rate of 4-8%. The age 
specific rates for the various manifestations of 
xeryphthalmia for each site are given in Tables 3-5. 


Tatie 2 


narrate itr NAAA AR AY AERA ihrer mam paa aanp a a re) 


Children examined categorised by age and sex 








Age {veurs} Boys Giris Total 
te 53 49 id 

2 SO 8S 1Hs 

3 p4 57 i2] 

4 fd bË 130 

5 66 44 130 

G 59 38 47 

? AG 5] 117 

R Gü 49 HPI 

9 42 33 75 

19 96 74 170 

i ii 12 os 

12 at ik 42 

3 3 i 19 

ye f 8 20 
Tors 719 606 1325 
Tatle3 No ef cases (rate/1000) of Bitot’s spots 
categorised by age and sex 
Age (years) Boys Eiris Total 
0-6 $ (12-9) 2 (55) 7 (93) 
T- pE 14 (42-9) 3 (20-7) 19 {4353} 
A 19) (26-6) 7 €41-6) 26 (19-7) 





Table 4 No of cases (rate/1000} of corneal xerosis 
categorised by sex and age 


N TAIA ATAA ata AY AY LEMANS BURA tony at AINE a Nn mp REN NSH REAPS EAA AASA Adabata etet Sedene meea eem meene neeaaea 


Age (years) Boys Gurls Total 

Ot 3 (7-73 8 (22-1) Lt ¢t4-7) 
Tie 4 (12-3) 2 (8-3) 6 (10-6) 
All 7 (9-8) 10 (16-5) (7 (12-9) 





Table 5 Other cases of xerophthalmia than those listed 
in sable 4 categorised by age and sex 


ANAA raaa ATi 


ARE Corneal Prthisis Kerute- Blind" 

fyvews} SCAFS bulhi malacia second degree 
xerophinalmia 

a6 3 I 3 3 

Feja Š 2 i 3 

AR 1} 3 7 8 





“Indudes those already appearing in this Table. 
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Fig.l Age specific rates of Bitot’s spots per thousand for 
the population studied. 
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Fig.2 Age specific rates of corneal xerosis per thousand 


for the population studied. 


The ages were combined into two groups, 0-6 years 
and 7-14 years. for ease of comparison and to 
improve accuracy in age reporting as well as 
analysis. 

The y” test was used to evaluate the significance 
between age groups for each condition (for either 
condition there was no significant difference be- 
tween sex). Figures 1 and 2 show the age specific 
rates for Bitot’s spots and corneal xerophthalmia for 
the entire population examined. 


Discussion 
The recent famine has had a devastating effect on 


the people of northern Ethiopia. The resultant 
malnutrition has been as bad or worse as any seen 
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previously. One would expect all nutritional de- 
ficiency diseases, particularly vitamin A deficiency, 
to be found in high rates in this population. Clearly, 
this has been the case as has been reported and can 
be seen in these results. Overall, 4-8% of the 
population studied (children from birth to 14 years 
of age) had some clinical signs of xerophthalmia. 
This is greater than rates seen in previous refugee 
populations® and is as high or higher than those rates 
seen in previous prevalence surveys in Asia.” 7 ® 

Xerophthalmia prevalence surveys performed re- 
cently have tended to be limited to children aged 
under 7. The World Health Organisation guidelines 
for control of xerophthalmia state that children 
aged under 6 are most at risk for developing the 
disease and therefore suggest concentrating on this 
age group during assessments. Various authors have 
reported peak rates of corneal xeroses and Bitot’s 
spots in 3 to 4 year olds, with‘a drop off in rates after 
the age of 5. Solan ef al, however, reported 
persistence of the signs of active xerophthalmia in all 
age groups up to 16 in the Philippines.” Similar data 
have been gathered in Bangladesh.~ 

Sommer, in an exhaustive study in Indonesia, has 
found that while’ Bitot’s spots may be seen in 
children over 6, the percentage of these lesions that 
do not respond to administration of vitamin A rises 
rapidly.’ These so called ‘vitamin A resistant’ Bitot’s 
spots may not’ represent a’ manifestation of the 
deficiency. 

Because of the extreme degree of global malnutri- 
tion in the Ethiopian situation, I elected to examine 
all children up to 14 years of age. The circumstances 
in which this assessment was performed were not 
conducive to rigorous sample selection. Refugee 
camps and feeding centres have population shifts on 
a daily basis. The need to feed thousands of 
individuals took precedence over any systematic 
registration or monitoring : activities. Whenever 
possible, multiple examination sites were chosen in 
the various locations. All children were seen who 
were either living at or who had gathered at the 
examination site. No children were included who 
were receiving hospital care. Every effort was made 
to examine a representative sample of the popula- 
tion. The limitations of the sampling technique 
made stratification impossible; the data do show 
consistent trends, however, i in prevalence of xeroph- 
thalmia. 

No demographic data aei for the population 
sampled. It would be expected that a typical 
population pyramid in developing countries would 
have 35-50% of the population below 15. High child 
mortality in this population may have altered that 
rule. More children aged under 6 were examined 
(750) than those aged 7 dnd over (567). Boys 
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comprised 54% of those examined, which may 
represent a bias toward male preservation in such a 
dramatic situation. Age was provided by the parent 
or guardian when available or by the examinee in 
older age groups. There were no documents avail- 
able to verify age, and clearly some rounding off of 
age does occur, as seen by a large cluster of children 
aged 10, with fewer at 9 and 11 years. Any gross 
discrepancies between stated age and appearance of 
the child led to more extensive questioning and 
attempts to assign age more accurately. 

Age. specific rates for Bitot’s spots show a 
pronounced shift toward older age groups (Fig. 1). 
The peak prevalence occurs at 8 years, with a 
greater than threefold increase in prevalence for 
those 7 and older compared with the younger group, 
a difference that was significant to the p<0-01 level. 
Conceivably, some of these cases may not be related 
to xerophthalmia, yet even allowing for these, many 
Bitot’s spots related to xerophthalmia would be 
found in this group. The rates for corneal xerosis 
show considerably less of the shift to older ages (Fig. 
2). The ratio of corneal xerosis prevalence for those 
aged <6 compared with those >6 is 1-4:1. One 
third of the cases of corneal xerosis seen would have 
been missed if those aged 7 and over had not been 
examined. Statistical evaluation by x” test of these 
data showed no significant difference in the rates be- 
tween the two age groups for either sex. Relatively 
few children between the ages of 11 and 14 were 
seen. The cases of xerophthalmia in this group, 
therefore, can yield dramatically high prevalences 
for these age groups. It can be said that cases of 
xerophthalmia were seen in this group over 10, but 
the true significance of this problem remains for 
further elucidation. 

The other clinical manifestations of xerophthal- 
mia were seen less often (Table 3-5). Eleven corneal 
scars compatible with xerophthalmia were seen, 
eight of them in children aged over 7. Phthisis bulbi 
was evident in three cases, two of whom were aged 
over 7. Active keratomalacia, rarely seen in a 
prevalence survey, was present in seven children, 
five of whom were aged 6 or less. Six children were 
blind from presumed xerophthalmia, three in each 
age group. 

The tragedy of Ethiopia has an added dimension 
of childhood blindness caused by xerophthalmia. 
This blindness remains preventable if massive doses 
of vitamin A supplementation can take place. Such a 
distribution was begun in Ethiopia and Sudan in 
1985, in large part based on this assessment. 
Inclusion of children up to the age of 14 resulted in 
recognition of many active cases of xerophthalmia 
and some potentially blinding ones. It seems 
appropriate to alter the guidelines for treating 
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xerophthalmia, particularly in drastic situations like 
the case in Ethiopia, to include children at least to 
age 10 in both assessment and prevention activities. 
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DDAVP and urine osmolality in refractory enuresis 


S B DIMSON 
Special Investigation Clinic, 'Woolwich, London 


SUMMARY A double blind crossover trial of 20 ug intranasal 1-deamino-8-p-arginine vasopressin 
(DDAVP) versus placebo was carried out in 17 children with intractable enuresis aged between 6 
and 13 years who had failed to respond to drugs and an enuresis alarm. Fluid intake was not 
restricted. There was a significant reduction in the number of wet nights. Seven children (41%) 
were cured or showed considerable improvement, with strong evidence against any placebo 
effect. The best response was seen in children aged 10 years or over and if urine osmolality after 
DDAVP reached beyond: 1000 mmol/kg or was already at this concentration. The degree of 
Overnight rise in urine osmolality after treatment with DDAVP was not predictable but 
correlated well with the clinical improvement in nocturnal diuresis present in eight of the 
children. 

A further 12 children with equally refractory enuresis were given 20 ug of the active drug to 
take during their school journeys or holidays. Six of them had previously normal overnight urine 
osmolalities with only two'successes, but of the six who had nocturnal diuresis before treatment, 
five became dry, suggesting that DDAVP acts largely by anti-diuresis and might be most useful in 


children with nocturnal polyuria. 
l 

Intranasal {-deamino-8-p-arginine vasopressin 
(DDAVP), the synthetic analogue of vasopressin, is 
the treatment of choice for diabetes insipidus that is 
sensitive to vasopressin because it has a prolonged 
anti- diuretic action dependent on dose with no side 
effects! ? nor inhibition of growth hormone, prolac- 
tin, or cortisol at night in children.” 

Could nocturnal enuresis be helped by this anti- 
diuresis? In a pilot study: 10 ug of intranasal 
DDAVP was effective in 11 of 20 children with 
resistant enuresis.? This was confirmed with 10-40 
ug both in controlled studies*® and double blind 
clinical trials,”"!* with but one dissent." But in many 
.of these studies an enuresis alarm (the ‘buzzer’) had 
never been used and the degree of enuresis was not 
severe. In diabetes insipidus there is a consistent and 
considerable rise in urine osmolality after treatment 
with DDAVP, but there has been no such detailed 
study of this topic in enuresis. A double blind trial 
with crossover was therefore designed not only to 
determine the value of 20 uz DDAVP in enuresis 
refractory to conventional treatment, including the 
buzzer, but more importantly to see whether a rise 
in urine osmolality was a necessary factor in any 
success achieved. 


| 
Patients and methods : 
| 


Some 200 children attend |a community health 


enuretic clinic in Woolwich (south east London). 
Seventeen (14 boys and three girls) between the 
ages of 6 and 13 years were selected because, like 
those in the pilot study, they had failed to respond to 
treatment with drugs (mainly imipramine and amit- 
riptyline) and the buzzer over a mean period of two 
years. Eight had been wet every night (many twice 
or more), but two had once been dry between 2 and 
344/4 years of age. Informed consent was obtained 
from their mothers. Children were excluded from 
the trial if they had more dry nights than wet in the 
observation period of two weeks or if they had a 
urinary infection or showed any clinical or radiolo- 
gical evidence of organic disease. As with all 
children with enuresis their homes had been visited 
by a social worker, usually the one attached to the 
clinic, who found that 10, including three with 
secondary soiling, came from broken homes. Most 
were psychologically disturbed. 

Every child was allocated randomly to take 
intranasally either 20 ug DDAVP or a seemingly 
identical placebo. Neither the parent nor the doctor 
knew the code. The clinic sister patiently showed 
each child how to blow the liquid up his nose using a 
graduated plastic tube (rhinyle). At each bedtime, 
for two weeks, the bladder was emptied and the 
liquid instilled. This was immediately followed for 
the next fortnight by the other solution. After each 
period the child had to produce his empty phial. No 


1104 


l 
| 
| 
l 
{ 
| 


DDAVP and urine osmolality in refractory enuresis 1105 


other treatment was given during the trial and fluids 
were not limited. The number of wet and dry nights 
were charted for each period. The first urine sample 
to >e tested for osmolality was passed in the 
afternoon at the clinic immediately before the trial 
and the second and third were collected after each 
fortnightly period on waking. Urine osmolality was 
determined by depression of the freezing point using 
an MSE osmometer (maximum reading 1400 mmol/ 
kg) Weight and blood pressure were measured 
before the trial and at the end of each period. The 
child was also weighed at school between clinic 
visits. Serum osmolality was not estimated because 
venmepuncture was considered a ‘minimal risk proce- 
dure’. Unless otherwise indicated, the results were 
analysed by the Fisher exact single tail method. 


Results 


Clinical. There were no side effects and there was no 
clirical evidence of overhydration and no significant 
change in blood pressure or body weight. 

Overall, treatment with DDAVP .produced a 
significant clinical improvement, with 117 wet nights 
in two weeks against 169 on placebo (p<0-02 by the 
Wicoxon method for ranked paired data). Two 
chi dren showed complete cure during the treatment 
wita DDAVP (all nights dry), five were greatly 
improved (at least five dry nights a week), five were 
slightly improved (averaging three dry nights a 
week, one nighi more than with placebo), and five 
we-e failures, including three who became dry at the 
mother’s bedtime and were less ‘soaked’ by morn- 
ing. Thus treatment with DDAVP was successful in 
seven of the 17 children (41%). That these successes 
might have been due to a placebo effect was unlikely 
because there were no successes on placebo, only 
five improving slightly and the remainder being 
failures. Moreover, when the placebo was given first 
(1C cases) all but two (who failed clinically) of the 
chridren showed greater improvement when subse- 
quently treated with DDAVP, whereas when the 
active drug was given first (seven cases) treatment 
with placebo showed greater improvement in only 
two (who were also failures). 

Wo significant difference was found between 
chadren from intact and broken homes or between 
these who had and had not been wet every night. 
Older children, however, fared better than younger 
on2s, with four successes in the six who were aged 10 
years or more (56 dry nights in two weeks, mean 
9-=) but only three in the 11 aged less than 10 (55 dry 
nights in two weeks, mean 5:9) (y?=12-05, 
p<0-001). 


Urine osmolality. The range of overnight urine 


osmolality in normal children is 873-1305 mmol/ 
kg.!* Osmolality was increased by treatment with 
DDAVP in all but five of the children. There was a 
clear and significant relation between osmolality and 
clinical response (Tabie 1). The best results were 
achieved if overnight urine osmolality after treat- 
ment with DDAVP increased beyond 1000 mmol/kg 
or if it was already at this concentration after 
treatment with placebo, which allowed little room 
for a further increase «four cases, comprising three 
successes and one failure). If urine osmolality failed 
to reach 1000 mmol/kz, however, results with one 
exception were poor {p<0-005). 

There were eight presumed cases of nocturnal 
water diuresis, who had an overnight urine osmolal- 
ity of 250-505 mmol/kg, in contrast to the remaining 
nine, whose range was 745-1143 mmol/kg (Table 2). 


Table 1 Clinical results and concentrations of overnight 
urine osmolality reached cfter treatment with DDAVP 


Failures 


Urine Successes Total 

osmolality ce successes 

after DDAVP All Greathy Slightly All 

(mmol/kg) dry  imprwed improved wet 

1041~1348 2 4 a. y G8 
857-961 2 1 
605-733 i 2 1 1/9 
240-373 2 

Total 2 5 4 6 HET 


Table2 Overnight urine osmolalities (mmol/kg) after 
treatment with placebo or DDAVP compared with 


afternoon osmolalities before trial 
Urine osmolalities Results 
After After Afternoon 
placebo DDA¥P 
No 119 1112 1084 Great improvement 
nocturnal 1143 1348 980 Cure 
diuresis 1086 1041 1051. Great Improvement 
1004 1146 911 No improvement 
920 961 62 Slight improvement 
866 1050 1030 No improvement 
841 1019 1077 Cure 
841 733 837 Slight improvement 
745 676 458 . Slight improvement 
Noctumal 505 605 920 No improvement 
diuresis 498 1049 1167 Great improvement 
387 880 1098 SHght improvement 
330 857 316 No improvement 
325 240 817 No improvement 
310 373 491 No improvement 
269 642 74 Great improvement 
250 1044 966 Great improvement 
Results: 


Poor: No improvement=all nights wet. 
Slight improvement=on= night a week dry more than with placebo. - 
Very good: Great improvement=only one or two wet nights a week. 
Curemall nights Cry. 
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Clinical results were good in three and four children 
from these two groups. respectively, but the five 
with nocturnal diuresis who gave poor results 
included two whose osmolalities were virtually 
unchanged after the drug from a base so low (310 
and 325 mmol/kg, respectively . after placebo) that 
either DDAVP was not taken or not absorbed or 
else tubular function was so impaired by gross 
polydipsia as to render the drug useless. One of 
these two children was admitted to hospital for 


investigation and treatment with DDAVP: no 
abnormality was discovered and he was dry three 


nights out of four when receiving DDAVP so that it 
is probable that he was not taking it at home. 

The most likely cause of nocturnal diuresis is 
compulsive drinking on the previous evening. This 
hypothesis is supported by the finding (Table 2) that 
in all eight cases the osmolalities in the afternoon 
before the trial began averaged 131% higher than 
that recorded in the urine specimens taken the first 
morning after placebo; this compares with only 
2:5% higher in the nine cases in whom nocturia was 
absent. 


Subsequent experience [t was found that those who 
responded to treatment with DDAVP did so very 
quickly but relapsed when it was stopped. Its 
appropriate use would therefore apply to urgent 
situations such as school journeys and holidays.’ 
During the three vears since this trial was com- 
pleted, therefore, 12 more children aged between 7 
and 13 years with equally refractory enuresis have 
been given 20 ug DDAVP to take on such occasions. 
Before departure, overnight urine osmolalities were 
normal in six, but in the other six they were 
abnormally low (S651 mmol/kg). Success was 
achieved in seven of the 12 (58%). five with 
nocturnal diuresis but only two with normal osmola- 
lities. Four of the five successes with nocturnal 
diuresis were so delighted that they asked for 
DDAVP again for the same purpose (one had it 
three times and two twice) with the same improve- 
ment on each occasion, even though they relapsed 
soon afterwards. It was not practicable to estimate 
urine osmolality immediately after their return, but 
it is suggested that any benefit obtained was due to 
anti-diuresis. 


Discussion 


This double blind crossover trial shows the efficacy 
and safety of treatment with 20 ug DDAVP even in 


patients with intractable nocturnal enuresis, all of 


whom had failed to respond to drugs and the 
buzzer. Considerable improvement was obtained in 
almost half of these children (41%), with substantial 


evidence against a placebo effect. This overall figure 
does not differentiate, however, between the chil- 
dren with and without nocturnal polyuria. This 
distinction is admittedly based on only three tests of 
urine osmolality on different days but it proved 
impracticable to do more in a busy clinic remote 
from the local laboratory. This limitation, however, 
should not invalidate the overall conclusions. 

Eight of these 17 children probably had nocturnal 
diuresis, given their low overnight urine osmolality 
(<505 mmol/kg ) on placebo, which possibly corre- 
lated with compulsive drinking on the previous 
evening because of the significant difference be- 
tween the fairly high urine osmolalities on the 
afternoon before the trial began and the low 
readings in the first morning urine samples after 
treatment with placebo. Such nocturnal polyuria 
was found in 27% of 240 unselected children with 
enuresis at this clinic (unpublished observation), in 

each of six children studied by Birkasova et al.’ and 
in six of 11 children with enuresis who all showed 
abnormally low plasma anti- diuretic hormone con- 
centrations during the night. 

In the present trial DDAVP seemed to be of 
equal value in cases with and without nocturnal 
diuresis, but only if the two failures with very low 
osmolalities after treatment with both drug and 
placebo are included. 


Mode of action. Urine osmolality of over 1000 
mmol/kg was a clear predictor of clinical efficacy. In 
the absence of nocturnal diuresis, however, the 
clinical failure in two children, despite a rise in 
osmolality of 14% and 21%, respectively, to this 
figure and the g great improvement obtained without 
any rise at all in another two (Table 2), suggests that 
some other factor besides anti-diuresis may 
occasionally also be involved, such as improved 
memory and learning.” Nevertheless, a recent study 
supported anti-diuresis as the sole mechanism as 
treatment with DDAVP increased urine osmolality 
significantly, although no details were given.'° 
Some of the poor results may have been due to 
failure to take the drug or to inadequate absorption 
either from nasal congestion’! '* or faulty technique, 
especially in younger children, some of whom felt 
fluid in the pharynx with consequent loss (one child 
said it ‘tasted horrid’). The significantly better results 
in older children found in this and other series’ '° 
may be attributed to better motivation and com- 
pliance with the technique, which, if not properly 
followed, would mean that an inadequate dose 
would be absorbed. It has been shown that the lower 
the dose the smaller and earlier the peak,’ which is 
normally attained four to eight hours after an intake 
of 20 ug,' so that some children are wet only after 


DDAVP and urine osmolality in refractory enuresis 1107 


midnight. Another but rare cause for failure is gross 
polydipsia, which alone! or combined with emo- 
tional stress!® may inhibit the release of anti-diuretic 
hormone during the night when it normally in- 
creases by up to 140%; the resultant transient 
nephrogenic diabetes insipidus cannot then respond 
to DDAVP. Such a cause could not be established in 
any child in this series. 

Waturally, in any individual the degree of compul- 
sive polydipsia, presumably psychogenic, is imposs- 
ible to quantify as it is so often surreptitious. But 
even without polydipsia, nocturnal concentrations 
of anti-diuretic hormone have been found to be 
fairly low in children with enuresis” but sufficient to 
allaw urinary output to exceed the functional 
capacity of the bladder. Unfortunately, DDAVP 
waz not used in that study, but if low anti-diuretic 
homone concentrations can be confirmed DDAVP 
might be regarded as replacement therapy. 

Further study of the interaction between 
DDAVP, severe enuresis, nocturia, and compulsive 
polydipsia with larger numbers seems highly desir- 
able. 

My sincere thanks are due to Professor O W Wrong for his valuable 
comments on the original manuscript; to Dr P O'Gorman and his 
staft at the Brook General Hospital for the osmolality tests; to 
Sister Margaret Longhurst for teaching the technique to the 
children and for her enthusiastic ccoperation; to Mrs Sue Howells 
for ner expert social reports; and to Dr Brian Donovan (Ferring 


Pha-maceuticals) for suggesting the trial and supplying the 
DDAVP and placebo. 
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Nebulised beclomethasone dipropionate suspension 


M S C WEBB, A D MILNER, E J HILLER. AND R L HENRY 


Department of Child Health, Queen’s Medical Centre and City Hospital, Nottingham 


SUMMARY We compared nebulised beclomethasone dipropionate suspension against placebo in 
16 children with moderately severe asthma in double blind crossover fashion. Three children 
withdrew due to deterioration while on placebo. Of the remaining 13, eight were better on 
beclomethasone and five on placebo, These trends in favour of nebulised beclomethasone were 
not significant and do not suggest that the suspension is as effective as inhaled powder or aerosol 


topical steroid formulation. 


The role of beclomethasone dipropionate in child- 
hood asthma is well established, with proven clinical 
efficacy when administered by either metered dose 
inhaler! or powder capsule” * form. Neither of these 
two delivery systems is suitable, however, for 
treatment of very young children, due to the degree 
of cooperation and coordination required in their 
use. 

It is only fairly recently that a suspension form of 
beclomethasone. for delivery by nebuliser, has 
become available, but to date there is only one 
published clinical trial of its effectiveness in a 
suitable population of young children.” We have 
therefore conducted a randomised double blind 
crossover study, comparing beclomethasone dipro- 
pionate suspension against placebo in a group of 
children with moderately severe asthma aged be- 
tween 18 months and 6 years. 


Patients and methods 


The age limits of 18 months and 6 years were chosen 
to include those children old enough to be responsive 
to treatment with bronchodilator” but too young to 
be able to manage treatment with rotahaler or 
metered dose aerosol effectively. All the children 
had an established clinical diagnosis of asthma and 
all had been considered to be inadequately con- 
trolled on regular nebulised sodium cromoglycate 
with nebulised bronchodilator as required. 

After an initial two week run in period, during 
which regular prophylactic treatment was stopped, 
the patients entered two consecutive two month 
treatment periods. In each of these they received, 
through a Pari Inhalierboy nebuliser and face mask, 
either beclomethasone respirator suspension 150 ug 
(3 ml) or placebo 3 ml (the commercially available 


preparation minus the active ingredient) on a double 
blind. randomised crossover basis, and as the sole 
form of prophylactic treatment. 

Throughout the trial the parents were asked to 
maintain a daily diary record of: (1) symptom score, 
allocating a score of 0-3 for each of cough. wheeze, 
and breathlessness for both day and night, giving a 
worst possible score of 18 for each 24 hours: (ii) 
morning and evening peak expiratory flow rate if the 
child was capable, using a Wrights Mini Peak 
Expiratory Flowmeter; (iti) the number of broncho- 
dilator doses; (iv) any other medication required— 
for example. corticosteroids. 

The children were seen as outpatients at monthly 
intervals during the trial, at which time they were 
examined and possible side effects of treatment 
sought. 

Statistical methods employed were Wilcoxon's 
signed rank test, Fisher's exact test, and the Sign 
test. 

Fully informed parental consent was obtained 
before entry into the trial, and the study was 
approved by the local ethical committee. 


Results 


Twenty children were entered into the study. but 





four were withdrawn and their results not 
analysed—one because of severe deterioration while 


off prophylactic treatment during the run in period, 
one due to non-compliance in diary recording, and 
two after the parents changed their mind after the 
run in period. Details of the 16 patients who entered 
the treatment periods are shown in Table 1. 

Three children failed to complete the full double 
blind treatment period of four months. All three 
failures were due to appreciable deterioration in 
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Tale 1 Details of the 16 patients entering the treatment 
pertod 


Mean (SD) Range 
Age months) 40-9 (11-6) 23-6-59-8 
Age at onset of asthma 
(months) 8-9 (8-9) 0-36 
Durs=tion of asthma 
(months) 32-1 (13-3) 12-58 
Sex anale:female) 14:2 
Personal history of: 
Eczema 
Rhinitis 11 
Alergies (skin) 6 
Curent treatment: 
N=bulised bronchodilator 16 
N=bulised sodium cromoglycate 13 
Imialed steroid: 
Budesonide spacer 2 
Nebulised beclomethasone I 
Oral corticosteroids (daily) l 
Previous treatment: 
Oral corticosteroids (courses) 13 


control of asthma to the extent that the parents were 
uncerstandably unwilling to continue treatment on a 
blird basis. Each child was on placebo at the time of 
deterioration, one in the first two months of 
trectment and the other two in the second. 

Gf the 13 patients who completed the.-trial, eight 
were considered by their parents to be better 
controlled while on nebulised beclomethasone 
(analysis of diary records supported their views), but 
five were considered to be better controlled on 
plazebo. This difference was not significant using 
the relatively insensitive Sign test, but even if the 
three placebo treatment failures were included in 
the ‘beclomethasone beneficial’ group, the differ- 
ence of 11 v 5 was only significant at the 25% level. 

Analysis of the diary records had to be restricted 
to che 13 children who completed the trial. As can 
be seen from Table 2, there are no significant 
differences between the two treatment periods in 


terms of individual symptom and total symptom 
scores (similarly, there was no difference between 
treatments on daytime scores or night time scores). - 
The number of extra bronchodilator doses required 
was similar in the two groups, and the number of 
children requiring a course of oral corticosteroid was 
identical. The one child on daily maintenance oral 
corticosteroid therapy consumed a total of 228 mg of 
prednisolone in the six weeks of treatment with 
placebo, but only marginally less (180 mg) while on 
nebulised beclomethasone. 

Although the order of treatments was randomly 
determined, the distribution was uneven. Of all 16 
patients, five were given beclomethasone first and 
11 placebo first, with no significant order effect 
on the result (p=0-28, Fisher’s exact test). In the 
13 completed trials, however, three were given bec- 
lomethasone first and 10 placebo first, with an order 
effect that is almost significant at the 5% level in 
a of beclomethasone (p=0-07, Fisher’s exact 
test). 

There was no discernable seasonal influence, - 
there being an even distribution of treatment 
periods throughout the calendar months. 

No side effects of treatment were detected clini- 
cally. 


Discussion 


This study has failed to show clear benefit from the 
use of nebulised beclomethasone dipropionate sus- 
pension in young chidren with moderately severe 
asthma. These results are quite at variance with 
similarly small studies using the metered dose 
inhaler'and powder capsule“ delivery systems, 
which showed unequivocally improved asthma con- 
trol, albeit in slightly older children who were able 
to use these devices. We do not therefore doubt the 
efficacy of the drug itself. Thus, if our results reflect 
a true picture, there must be three areas for further 


TaWe2 Dairy records of 13 completed courses (analysis restricted to last six weeks of each treatment period) 


Maximum Placebo Beclomethasone 
Median Range Median Range 
Cough 252 73 1-142 90 2-149 NS 
Where 252 37 6-112 49 2-108 NS 
Breachlessness 252 89 0-112 42 0-179 NS 
Tota score 756 182 8-312 182 4-395 NS 
Symztom free days 42 2 394) 5 40-0 NS 
Brorchodilator doses 89 0-159 59 1-46 NS 
Prechisolone: 
Short courses 
_No of children) 4 4 — 
One child on daily 
-reatment (mg total) 228 180 — 
Adrissions (No of children) 2 0 — 


(x 3 admissions) 
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physical suspension that makes it less effective (all 
other anti-asthma nebuliser preparations are in the 
form of a solution); secondly, could the physical 
characteristics of the Renin have affected nebu- 
liser function, reducing its efficiency; and, thirdly, 
could the recommended dose simply be too low 
(most other nebuliser dosages are considerably 
higher than inhaler dosages, |though the proportion 
of either that reaches the lungs is said ta be similar at 
about 9-12%° ©)? It is impractical to expect toddlers 
and young children to be able to tolerate a higher 
dose at each sitting as even the nebuliser time for 3 
ml of suspension (50 mcg/ml) represented an 
appreciable burden to meny of our parents and 


enquiry. Firstly, could it ke property of the 


children. 

Although no side effects were noted in our study, 
there is a theoretical risk of secondary steroid effects 
upon the facial skin if beclomethasone is delivered 
by face mask, and the manufacturers da recommend 
that a mouth piece be used. In our experience, 
however, young children tolerate face masks much 
more readily than mouthpieces, and this might 
therefore constitute a greater risk in long term 
treatment. 

Clearly, if beclomethasone dipropionate suspen- 
sion is to continue to be recommended on the basis 
of the undoubted efficacy of the drug itself then 
further clinical trials of its usefulness in the curreritly 
available dosage and in the appropriate age group 
are urgently required. 


We thank the children and their parents. We also thank Professor 
D Hull, Dr P Barbor, Dr D Johnston, and Dr N Rutter for allowing 
us to study paticnts under their cure. Financial support was 
gratefully reccived from the Asthma Rescarch Council. 
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Commentary 


S W CLARKE 


Department of Thoracic Medicine, Royal Free 
Hospital, London 


The discrepancy between the similar studies of Storr 
et alè who obtained a positive result and Webb et al a 
negative one with the same drug, inhaled bec- 
lomethasone diproprionate, is puzzling and raises 
several questions. 

The studies were similar but not identical insofar 
as Storr et al’s was a double blind parallel study and 
Webb et al’s a double blind crossover one, though 
this should not necessarily matter. Even so, there 
was a (non-significant) trend in favour of bec- 
lomethasone in that of Webb et al and the discrep- 
ancy may be in the study designs. . 

The most obvious difference is the dose inhaled, 
2 mi (100 pg) versus 3 ml (150 ug), respectively. But 
the lower dose worked and the higher dose failed to 
do so, ruling out a dose related effect. 

Nebulisation details were incomplete for both 
studies and in neither was the optimal liquid volume 
(usually drug+saline) of 4 ml used—this to reduce 
the proportion of dead volume left in the nebuliser 
after conclusion and to optimise the output. It 
seems likely, however, that both systems proouce 
similar respirable (about 2-5 um) particles. Never- 
theless, the inescapable conclusion must be not that 
the drug does not work but that in the study of. 
Webb et al it somehow failed to reach the lungs— 
such doses of beclomethasone have virtually no 
systemic effect. 

In both studies the children inhaled the nebulised 
drug through a face mask, close fitting in the study 
of Storr et al and loose fitting in the study of Webb et 
al. With loose fitting masks much of the drug may 
impact on the face and lips, leaving little to be 
inhaled.‘ 

Although it is difficult to pinpoint the error 
precisely, nevertheless, when using nebulised drugs, 
strict attention should be paid to the details of 
nebulisation and inhalation, otherwise anomalous 
results may arise. 
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Inhalation powder and oral salbutamol combination 


K ? DAWSON, C E M UNTER, S DEO, AND D M FERGUSSON 
Department of Paediatrics, Christchurch Clinical School of Medicine, Christchurch Hospital, 


Ney Zealand 


SUMMARY Fifty six children with chronic asthma were treated with the inhaled dry powder of 
salbutamol or the combination of inhaled and oral salbutamol. Over three months the 
combination provided a significantly greater sustained symptomatic relief from asthma. Side 
effects were minimal and did not result in any withdrawals from the study. 


We have previously shown the superior characteris- 
ics Df combining tablets and inhaled dry powder of 
salbutamol in children with asthma on a short term 
basis. The combination had a rapid onset of effect 
anc a sustained period of action. This initial study 
revzaled no untoward side effects in the short term.! 

To determine whether the combination treatment 
was superior to inhalation treatment alone in the 
symptomatic control of asthma over a three month 
period, we have performed a double blind placebo 
controlled trial. Specific attention was paid to the 
possibility of troublesome side effects during the 
study. 


Pafients and methods 


Fifty eight children with moderately severe chronic 
asthma (grade C)? entered the study, and fifty six 
completed an assessment of three months. This 
group consisted of 38 boys and 18 girls. Their ages 
ranged from 4 to 12 years, with a mean age of 7-8 
years. 

A double blind placebo design was used, and the 
patents were assigned to one of two treatments by 
means of a randomisation code. The two groups did 
not differ significantly in terms of age range, sex 
difference, or duration and severity of asthma. The 
treatments were: 

(1) Salbutamol 400 mcg capsules through a rota- 
haler given at 0800, 1400, and 2000h, and 
salbutamol tablets 4 mg taken after the 
inhalation. 

(2) As treatment (1), except that the salbutamol 
tablets were replaced by identical looking 
placebo tablets containing lactose. 

Both groups were permitted extra inhalational 

treatment in response to symptoms. 


Before inclusion in the study each child’s ability to 
inhale correctly from a rotahaler was confirmed. 

For each of the three months that formed the 
study period a number of measures of the child’s 
therapeutic response were obtained from a maternal 
daily diary record of symptoms. For each month the 
number of days on which each symptom was 
present—that is, symptom days—was recorded for 
the symptoms of night cough, night wheeze, day 
wheeze, day cough, and restriction of activity. A 
measure of the child’s global response to treatment 
during each month was obtained by summing the 
number of symptom days for each of the above. 
categories. 

Additionally, the number of extra inhaled cap- 
sules, sympathomimetic nebuliser treatments, and 
admissions to hospital required were recorded 
throughout the three months. Recording of side 
effects and specific note of excitability or behavioural 
change was made. The children were reviewed 
monthly at an outpatient clinic where daily diary 
records were checked and any additional side effects 
recorded. 


Results 


Table 1 shows the relation between the mean 
symptom day scores over the three months and the 
treatment group to which the children had been 
assigned (powder and active tablet versus powder 
and placebo tablet). The results were analysed using 
two way analysis of variance in which the mean 
scores were contrasted over the two treatment 
groups (active; placebo) and the three months. The 
treatment factor was treated as a fixed factor and the 
time of measurement factor as a repeated measures 
factor. The results in Table 1 show the significant 
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levels of the treatment factor only for each com- 
parison. Table 1 shows that for all comparisons 
there was a tendency for the group of children 
treated with the active tablet to have fewer symptom 
days. This trend was significant for the measures of 
night cough, day cough, and total symptom scores. 
This suggests that treatment with the active tablet 
produced greater symptomatic relief of symptoms of 
asthma and particularly cough. This relief seemed to 
be sustained throughout the three months. 

Table 2 compares the two groups for a number of 
measures of the need for additional treatment. 
These measures include the mean number of nebu- 
liser treatments needed by the child during the three 
menths, the mean number of additional capsules 
used by the child over and above the basic regimen 
of three each day, and the proportion of children 
who were admitted to hospital as a result of acute 
asthma. Table 2 suggests the presence of dramatic 
differences in the outcomes of the two treatments, 
with children receiving the active tablet requiring 


Table 1 Mean symptom days for subjects asstened to the 
active and placebo treatments 









Measure Treatment Time of measurement p Value 
Crete J 
i ? 3 
Night wheeze Aclive PRO O75 SS NS 
Placebo 249 1-78 jbl ae 
Night cough Active Taka Pel LRG aR GS 
Placebo LAI 2-89 2-85 i 
Day wheeze Active S400 bS OO] NS 
Placebo TOA GRI a 
Day cough Active LIR 073 p9 es 
Placebo 2153 2a ot “7 
Restricted activity Active L32 {86 p2] NS 
Placebo 0-93 p70 1-30 B 
Tous symptom days Active sdh l SRI culs 
Placebo EERS -78 RGA i 


NS = Not significant, 


Table 2 Use of additional treatment during the three 
months in the active and placebo treatment groups 


eee erent (Lar Irpa mam mreana ALLL rere aa aa 


Treamnent Treatrent group p Value 
Active Placebo 
Meat No of nebulisers required p89 4-48 NS 
Mean No of capsules taken on top 
ot hasie 3 each dav 17-43 350 <i}. | 
S% Admitted to hospital with 
acute asthaus TRAN AQT, NS 


many additional inhalations and having about 60% 

of the rate of admission to hospital when compared 

with the group assigned to placebo. Because of the 

fairly small numbers of subjects studied, however. 

these differences failed to reach significance, 

although the number of additional inhalations taken 
‘as of marginal significance (p<0-1). 

Collectively, these findings provide a fairly con- 
vincing case for the view that the active tablet 
provided greater therapeutic benefit than the 
placebo tablet: children assigned to this regimen 
showed a consistent tendency to have fewer symp- 
tom days on all measures and were less prone to 
require additional treatment. 

Of the original 58 children randomised to two 
groups, one child from each was eliminated because 
of failure to keep diary records. Of the remaining 56 
children, there were eight reports of side effects. 
four from each group, although all continued on 
treatment and completed the three month evalua- 
tion. 

In the active treatment group three children were 
regarded as being more active than usual, one for 
one month and two for all three months of the study. 
The other child was noted to have tremors for one 
week, but these abated spontaneously. In the 
placebo treatment group one child was regarded as 
overactive and had tremors, while two had 
headaches and the fourth was reported as lacking 
energy. These were regarded as minimal features 
and the children were continued on their regimen. 


Discussion 


This study has examined the extent to which giving 
paediatric patients with asthma treatment with 
salbutamol tablets in addition to inhalation powder 
provides greater sustained symptomatic relief from 
there are therapeutic benefits from this regimen as 
children receiving the active tablet had a consistent 
tendency to have fewer symptom days and required 
additional treatment less often. These findings are 
consistent with previous studies, which have shown 
that under controlled conditions over a short time 
the combination of powder and tablet provided a 
treatment with a time/response function that had a 
rapid onset (due largely to the rapid action of the 
powder component) and a sustained period of action 
(due largely to the longer acting effects of the tablet 
component). The present study shows that such 
effects do result in a reduction in both symptoms 
and the need for additional treatment when studied 
over a fairly prolonged period. 

Few side effects were observed during the course 
of the trial, although it must be borne in mind that 
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the number of subjects studied was fairly small. References 
Whale overactivity was reported as the main prob- —' Grimwood K. Fergusson DM, Dawson KP. The combination of 


lerr in the combination group and headache in the salbutamol inhalation powder and tablets in asthma. Arch Dis 
group receiving inhalation only, none of the symp-  , Child 1983;58:283-5. 0 
Gr aan. Pied aes Sue Bit nat sek geass eee 2g Williams HE. Phelan PD. In: Respiratory illness in children. 
toms was severe enough to warrant stopping treat- Oxford: Blackwell. 1975-16-81. 
me it nor did any family choose to do so unilaterally. * Loftus BG, Price JF. Treatment of asthma in pre-school children 
We conclude that this is a useful treatment for with slow release theophylline. Arch Dis Child 1985,60:770-2. 


chi dren able to inhale from a powder device and 
swellow tablets and may also provide a good 
alternative for those who are intolerant of 
theophyllines.” Received 22 July 1986 


Correspondence to Dr K P Dawson, Department of Paediatrics. 
Christchurch Hospital. Christchurch, New Zealand, 


Fif-y years ago 
The biood-sugar in convulsions of infancy and childhood 
Margaret B Maclean (Glasgow)—Arch Dis Child 1936;11:247-256 


‘It Fas long been recognized that severe convulsive attacks are followed by depletion of the carbohydrate resources of the 
boy. 

‘Blood sugar estimations were made in a series of children admitted to hospital on account of convulsions, and an 
attampi was made to follow the changes occurring in the blood-sugar level from the beginning of a convulsion tll some 
hours after it had ceased. The patients were aged from two days to eleven and a half years, and seizures were due to 
varous causes. High blood sugar values occur most frequently in the first three bours after the convulsions, and 
hypoglycaemic readings were recorded most frequently between the fourth to twelfth heurs. A blood sugar level of more 
thaa 180 mgm per cent was taken as indicating hyperglycaemia and one of less than 60 mgm per cent as hypoglycaemia. 

‘Hyperglycaemia occurred most commonly in cases of tuberculous meningitis and hypoglycaemia after intracranial 
injury in the new born. 

“There are two possible explanations for the hypoglycaemia. H may be that violent muscular exertion uses all the 
available carbohydrate or that the central stimulation, acting as it does on the suprarenals, leads to exhaustion of 
adrenaline and to a cessation of glycogenolysis. The first suggestion is unlikely as the hypoglycaemia persisted in spite of 
tak ng food. To prove the second, adrenaline was injected when the hypoglycaemic stage was reached and there was an 
immediate response in two children; showing that the tissues are able to form glucose when adrenaline is supplied. 


(This paper raises the possibility that ‘in some children hypoglycaemia plays no part in the causation of convulsions but 
tha. the upset in carbohydrate metabolism is the result of them’. If fits do persist. or the child remains drowsy for an 
unusually long time, it may be justifiable to consider that there may be a lack of adrenaline, and instigate investigations 
anc treatment accordingly. NEIL GORDON.) 
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Serum antibodies to Pseudomonas aeruginosa in 


cystic fibrosis 


M M BRETT, A T M GHONEIM, AND J M LITTLEWOOD 


Departments of Medicine, Microbiology, and Paediatrics, St James’s University Hospital, Leeds 


SUMMARY Serum IgG antibodies to Pseudomonas aeruginosa cell surface antigens were 
determined by enzyme linked immunosorbent assay. Titres in patients without cystic fibrosis 
were low (140-235). Those in patients with cystic fibrosis who were chronically infected by P. 
aeruginosa were very high (1100-20 500), while patients who grew the organism intermittently 
had lower titres (160-4400). Longitudinal studies showed that raised titres were observed at a 
very early stage of infection. High titres were associated with a poor clinical state, while low titres 
were associated with a better clinical state in both chronic and intermittently infected patients 
with cystic fibrosis. These results suggest that this test is a specific and sensitive measure of the 
severity and progress of the different stages of pulmonary infection by P. aeruginosa in patients 


with cystic fibrosis. 


One of the most common causes of morbidity and 
subsequent mortality in cystic fibrosis is pulmonary 
infection, particularly by Pseudomonas aeruginosa.’ 
Once P. aeruginosa is established in the lungs it is 
extremely difficult to eradicate, despite repeated 
courses of chemotherapy. 

At present, there is no specific measure of the 
severity and progress of the early stages of P. 
aeruginosa infection. Growth of P. aeruginosa from 
the respiratory tract may be due to harmless 
colonisation or to an active infection. 

The purpose of this study was to measure im- 
munological changes associated with colonisation 
and infection of the respiratory tract by P. aerugi- 
nosa and to assess the value of these measurements 
in monitoring the progress of pulmonary infection. 


Patients and methods 


Patients. Serum samples, surplus ‘to requirements, 
were obtained from 75 patients with cystic fibrosis 
who attended the paediatric and adult cystic fibrosis 
clinics at our hospital during a study period of 12 
months. Diagnosis of the disease was confirmed by 
at least one sweat test.” The patients were divided 
into three groups. Group 1 comprised 31 patients 
with cystic fibrosis (20 girls and 11 boys), who had 
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an age range of 1-17 years, with a mean (SE) of 15-4 
(7:3) years. P. aeruginosa had never been isolated 
from their sputum. Group 2 comprised 22 patients 
with cystic fibrosis (12 girls and 10 boys), who had 
an age range of 4-25 years, with a mean (SE) of 11-8 
(1:5) years. P. aeruginosa had been isolated from 
their sputum at least once, but they had no 
recognisable illness due to that organism. Group 3 
comprised, 22 patients with cystic fibrosis (11 girls 
and 11 boys), who had an age range of 6-23 years, 
with a mean (SE) of 15-7 (4-6) years. P. aeruginosa 
had been isolated continuously from their sputum 
for at least a year, and they had recognisable chest 
illness due to that organism. Two serum samples at 
least 12 months apart were available from five 
patients in group 2 and seven patients in group 3. 

Overall clinical state was assessed by the Shwach- 
man score.’ A maximum of 25 points was awarded 
for each of the following: chest x ray film, nutrition, 
general activity, and physical examination. Declin- 
ing scores indicated a worsening condition. Chest x 
ray films were assessed by the Chrispin-Norman 
score.* The possible scores were 0-38, with increas- 
ing score indicating increasing abnormality. Com- 
plete clinical evaluation within three days after the 
serum sample had been obtained, and repeated 
bacteriological results, were available for 16 
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patents. Serial serum samples were available for 
nine of these patients. All these patients are 
reported on. 


Cortrols 

The control group consisted of 17 patients (seven 
girls and 10 boys) who were attending the paediatric 
clinic at this hospital and from whom blood speci- 
mens were takèn surplus to requirements. The mean 
(SE) age was 9-54 (1:42) years, ranging from 5 
moaths to 15 years. None had any evidence of lung 
disease or P. aeruginosa infection. There were three 
cases of diabetes, two each of anaemia, short 
stature, severe retardation, and haematemesis, and 
one each of lethargy, intestinal polyp, oesophageal 
reflux, malaria, congenital emphysema, and 
hypothyroidism. 


Seram. All samples were stored at —20°C until 
immediately before use. 


Enzyme linked immunosorbent assay (ELISA). IgG 
antbodies to P. aeruginosa cell surface antigens 
were measured by ELISA. Seven strains of P. 
aerdginosa with serotypes 1, 3, 6, 9, 10, 11 z and a 
strain that could not be serotyped were used.” These 
are the most commonly isolated serotypes in our 
uniz. Washed cells were bound to microtitre plates 
(In-mulon Grade A, Dynatech) then fixed by 0-5% 
vol-vol glutaraldehyde in phosphate buffered saline. 
Unbound sites were blocked by 1% vol/vol bovine 
seram albumin in phosphate buffered saline. A 
single serotype was used in each plate. 

Æ pool of serum with high titres, diluted between 
1:1300 and 1:50 000 in 1% bovine serum albumin in 
phcsphate buffered saline, was used for a standard 
curve on each plate. One hundred microlitres of 
eaca standard and test serum was added and 
incabated in triplicate for 75 minutes at room 
temperature. After washing, 100 ul goat antihuman 
IgG (y chain specific) conjugated to horseradish 
per>xidase (Zymed Laboratories, San Francisco) 
diluted 1:2000 was added and then incubated for two 
hotrs at room temperature. After washing, 100 ul 
enzyme substrate solution, containing 5 mg 
orthophenyldiamine and 20 pl of 12% vol/vol 
hydrogen peroxide in 10 mil citrate phosphate 
buffer, was added. After two minutes the reaction 
was stopped by the addition of 100 wl 4M sulphuric 
acic. Absorption at 492 nm was measured in a 
Titerteck plate reader. Absorbance was <0-10 in 
wels not containing any one of the following alone: 
adsorbed antigen; test serum; or labelled antibody. 

The. blank absorbance was subtracted from the 
test absorbance. This value was converted to a 
dilttion by reference to the standard curve. The 


reciprocal of the dilution used for the patient’s 
serum (1000 or 10 000) was divided by the reciprocal 
of the dilution obtained from the standard curve, 
multiplied by 1000 and expressed as a titre. Each 
serum sample was tested against all seven antigens 
on the same day. The titre presented here is the sum 
of these seven values. 


Statistical analysis. The Student’s ¢ test, regression 
analysis to estimate the best fit, and Kendall’s rank 
correlation test were used. Significance levels were 
for two tailed tests.° 


Results 


The serum IgG antibody titre against P. aeruginosa 
from the 17 control patients is shown in Figure 1. 
Titres ranged from 140-250. The mean (SE) was 200 
(5-6). The upper limit (99-9% confidence limits) was 
270. There was no correlation between titre and 
either age or sex. 

In each of the three groups of patients there was a 
wide spread of IgG titres against P. aeruginosa (Fig. 
1). The highest titres were in patients who grew P. 
aeruginosa continuously (group 3). Patients from 
whom this organism had been isolated intermittently 
(group 2) generally had lower titres, although there 
was some overlap between the two groups. There 
was a significant difference between the titres in 
these two groups (p<0-002). Titres of patients in 
group 1 (P. aeruginosa never isolated from sputum) 
varied between 140 and 805 and were significantly 
lower than group 2 (p<0-1) and group 3 
(p<0-001). Titres of all three groups of patients with 
cystic fibrosis were significantly higher than the 
control group (p<0-001 for group 3, p<0-05 for 
group 2, and p<0-1 for group 1). 

Titres from patients in group 2 fell into three 
subgroups. Titres of most patients (14/22) were 
between 300 and 700. Four patients, however, had 
titres greater than 1000, which were within the range 
of patients in group 3. Three of these four patients 
were tested twice, with an interval of one year 
between samples. P. aeruginosa had been isolated 
on five previous monthly investigations from one of 
these patients and continuously for four months 
from another patient. These patients may be on the 
borderline between group 2 and group 3. Another 
patient had a poor record of attendance at clinic and 
had not been examined in the previous 12 months, 
while P. aeruginosa had been isolated intermittently 
for nearly five years from the fourth patient. At the 
other extreme, there were four patients also in 
group 2 who had titres of not more than 200, well 
within the control range. All these serum samples 
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Fig. 1 Serum IgG antibody titre to P. aeruginosa‘ in 
patients with and without cystic fibrosis. IgG antibody titre 
is to P. aeruginosa serotypes 1, 3, 6, 9, 10, 1] and a strain 
that could not be serotyped. 

Controls: paediatric patients with no history of 
P. aeruginosa infection; group 1: patients with cystic fibrosis 
from whom P. aeruginosa had never been isolated; group 2: 
patients with cystic fibrosis from whom P. aeruginosa had 
been isolated at least once; group 3: patients with cystic 
fibrosis from.whom P. aeruginosa had been isolated 
continuously for at least one year.: 


were obtained eight to 12 months after a single 
isolation of P. aeruginosa from sputum. 

Titres from patients in group 1 fell into two 
subgroups, Nineteen had titres less than 300, which 
were within the normal range, and 12 had titres 
greater than 300, which were greater than the 
normal range. 

These results showed that there was considerable 
variation in the titre of IgG antibodies to P. 
aeruginosa surface antigens among patients with 
cystic fibrosis. High titres were associated with 
patients in group 3. There was some overlap 
between titres found in patients in group 3 (chronic 
P. aeruginosa isolation) and patients in group 2 
(intermittent P. aeruginosa isolation). Conversely, 
there were four patients in group 2 who had titres 
within the normal range. ` 

Having established that there were differences in 
IgG titre to P. aeruginosa surface antigens among 
patients with cystic fibrosis, we evaluated the clinical 
importance of these findings. Clinical data, obtained 
within three days of the serum collection, was 
available for seven patients in group 2 and nine 
patients in group 3. It was thought that patients in 
group 1 deserved a separate study and are reported 
on elsewhere. The relation between IgG titre and 
Shwachman score is shown in Figure 2 and between 
IgG titre and Chrispin-Norman chest x ray score in 
Figure 3. There was a strong correlation between 
increasing IgG titre and deteriorating clinical state 
as measured by the Shwachman score (t=—0-6385, 
p<0-01). There was also a correlation between IgG 
titre and lung damage as measured by Chrispin- 
Norman x ray score (t=+0-4417, p<0-10). 

Two or more serum samples were available from 
seven patients in group 3. They all behaved in a 
similar manner. Representative results of longitu- 
dinal studies for two patients in group 3 are shown in 
Figure 4. The IgG titre increased in all patients we 
investigated, even in those given repeated courses of 
intravenous treatment with antibiotics. The rate of 
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Fig.2 Relation between Shwachman score and serum IgG 
antibody titre to P. aeruginosa in , patients with cystic 


fibrosis. 
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Fig.3 Relation between Chrispin-Norman score and 
sertam IgG antibody titre in patients with cystic fibrosis. 
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increase in titre varied in different patients. A rapid 
inc~ease in titre was accompanied by a rapid decline 
in Shwachman score. Conversely, a slow increase in 
titre was accompanied by a more stable clinical 
staze. 

Longitudinal studies in two patients who were on 
the borderline between groups 2 and 3 are shown in 
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Figure 5. In one patient P. aeruginosa had been 
present continuously since the initial isolation from 
sputum. In the cther, P. aeruginosa had been 
isolated intermittently for three years. Intravenous 
anti-pseudomonal treatment was followed by a 
decrease in titre, after a lag of six to 10 weeks, in 
both patients. Throughout the period of investiga- 
tion, changes in titre were the opposite of changes in 
Shwachman score in these patients. 


Discussion 


The purpose of this study was to assess the value of 
the measurement, by ELISA, of IgG antibodies to 
P. aeruginosa in monitoring the progress of pulmon- 
ary infection by the organism in patients with cystic 
fibrosis. Serum was tested against seven strains of P. 
aeruginosa with serotypes 1, 3, 6, 9, 10, 11 and a 
strain that could not be serotyped. s These repre- 
sented 85% of isolates obtained from our ii pacente 
during the previous six months. 

Antibodies reacting with P. aeruginosa were 
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Months from beginning of study 
Fig. 4 Longitudinal studies of serum IgG antibody titre and Shwachman score in two patients with cystic fibrosis 
chronically infected by P. aeruginosa (group 3). Hatched areas represent intravenous treatment with antibiotics. 
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Fiz.5 Longitudinal studies of serum IgG antibody titre and Shwachman score in two patients with cystic fibrosis in 
group 2. Hatched areas represent intravenous treatment with antibiotics. Dots denote P. aeruginosa isolated. from sputum. 


present at low concentrations in patients without 
cystic fibrosis with no known P. aeruginosa infec- 
tion. The mean titre was 200 and the upper limit 
(S9-9% confidence limits) was 270. Hoiby, using 
counterimmunoelectrophoresis, has shown that the 
prevalence of precipitating antibodies against soni- 
cated P. aeruginosa increased gradually with age in a 
normal population. These antibodies were present 
only at low titres, however, and were directed 
against two antigens that crossreacted with antigens 
from other bacterial species.” 8 In a survey of 100 
adults of unspecified age, using ELISA, serum 


antibodies against P. aeruginosa surface antigens. 


were also present at low concentrations.” One of our 
previous studies showed that crossreacting anti- 
bodies primarily directed against other Gram nega- 
tive organisms did not make ia significant contribu- 
tion to the titre against P. aeruginosa in this assay.’ 


Any titre greater than 300 was therefore considered, 


greater than normal and indicative of the presence 
of a specific humoral response to P. aeruginosa. 
Patients with cystic fibrosis who grew P. aerugi- 
nosa continuously had very high IgG titres, while 
patients who grew the organism intermittently 
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generally had lower titres. There was some overlap, 
however, between the two groups of patients. This 
presumably reflects the arbitary division between 
the two groups. In contrast, other patients who grew 
P. aeruginosa intermittently had IgG titres within 
the range of normal values several months after a 
single isolation of P. aeruginosa from their sputum. 
The absence of a systemic humoral response may be 
due to the presence of P. aeruginosa in sputum that 
was transient or non-pathogenic. Alternatively, the 
absence of a systemic humoral response may be due 
to an early and adequate host response utilising 


_ secretory IgA antibodies or to an inadequate syste- 


mic immune response to the infection. It is unlikely 
that antibodies to P. aeruginosa were present in 
these patients’ serum but not detected by this test. 
The serotypes of P. aeruginosa isolates from all these 
patients were among those included in the assay. In 


addition, the outer membrane proteins of P. aerugi- 


nosa are highly conserved.! 1? As used in this test 
they are likely to be accessible to antibodies present 
inthe serum and-should give a positive result. The 
possibility of an inadequate systemic immune re- 
sponse is unlikely. The serum IgG concentrations in 
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these patients were 10-1 g/l, 13-1 g/l, 13-7 g/l, and 
13-8 g/l, which are within the normal range (5-16 g/l) 
for their ages. Work is in progress to Sa these 
possibilities. 

High IgG titres were associated with poor clinical 
staie, as measured by Shwachman score, and with 
evidence of lung damage, as measured by Chrispin- 
Ncrman x ray scores. Conversely, a low titre was 
associated with a good clinical state and x ray score. 
This was true for patients who grew P. aeruginosa 
coatinucusly or intermittently. 

These results confirm and extend those previously 
reported by Hoiby.’*""° Using a sonicated prepara- 
tion of P. aeruginosa cells and counterimmunoelec- 
trophoresis, the number of precipitating antibodies 
increased with increasing duration of infection and 
correlated with a decrease in clinical state, but only 
in patients who had grown P. aeruginosa con- 
tinuously for at least six months. The method used 
in ihis study showed an increase in IgG titres above 
control values at an earlier stage of infection. There 
are three possible reasons for this. First, ELISA is 
much more sensitive than counterimmunoelec- 
trcphoresis. Secondly, the antigen used was dif- 
ferent. The antigen used in this work consisted of 
wEole glutaraldehyde treated cells—that is, cell 
surface antigens that are in their native configura- 
tion. These are likely to be the major antigenic 
stimulus in the earliest stages of infection. Finally, 
oniy precipitating antibodies are detected by 
co.interimmunoelectrophoresis, while both pre- 
cipitating and non-precipitating antibodies are 
dezected by ELISA. 

Longitudinal studies revealed that the rate of 
increase in titre was fast or slow in different patients. 
The titres did not decrease in the seven patients 
studied who had grown P. aeruginosa for several 
years and who had high titres, even if they had 
received repeated courses of intravenous treatment 
with antibiotics. The continued antibody presence 
imDdlies the continued presence of the appropriate 
an“igen. These findings are in agreement with those 
of Doring and Hoiby.'® A decrease in titres was 
observed, however, after intravenous treatment 
with antibiotics . in patients who had grown. P. 
aeruginosa for shorter periods. This decrease was 
ap arent some weeks or months after treatment, in 
accordance with the normal delay in response by the 
humoral immune system. 

Twelve of 31 patients with no known P. aerugi- 
noza infection bad titres greater than the normal 
range. Only one patient had an infection with any 
Gram negative organism. Antibodies directed 
against Gram negative organisms other than P. 
aeruginosa do not make a significant contribution to 
this assay. !° It is extremely unlikely, therefore, that 


crossreacting antibodies were the cause of these 
raised titres but rather that they were indicative of a 
specific humoral response to P. aeruginosa. Most of 
these patients were fairly well and produced little or 
no sputum. Bacteriological findings were therefore 
based on throat swabs. Even in those patients who 
did produce sputum, organisms present in low 
numbers (less than 104 per ml) are unlikely to be 
detected by the protocol used in our laboratory. 

Longitudinal examination of the bacteriology and 
IgG titres of these patients is continuing. 

The measurement of free serum IgG antibodies to 
P. aeruginosa by ELISA is now possible on a routine 
basis. [t provides a specific, quantitative, and highly 
sensitive measure of immunological changes associ- 
ated with all stages of pulmonary infection by P. 
aeruginosa. These changes correlate with-changes in 
both the clinical state and the chest x ray film. The 
results presented here suggest that the ELISA may 
be a suitable test to differentiate between colonisa- 
tion by P. aeruginosa (presence of the organism 
without appreciable tissue damage) and infection by 
P. aeruginosa (tissue invasion and damage). Longi- 
tudinal studies are in progress to provide further 
proof of this. Of particular importance is the ability 
to detect a systemic immune response to P. aerugi- 
nosa, and hence putative tissue invasion, before it is 
isolated from sputum. This may have far reaching 
implications on the treatment and prognosis of 
patients. 


This work was supported by the Cystic Fibrosis Research Trust, 
UK, Grant No 244. 
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Interaction between chloramphenicol and 
acetaminophen 


J 5$ SPIKA, D J DAVIS, S R MARTIN, K BEHARRY. J REX, AND J V ARANDA 


Department of Pediatrics, McGill University, and Montreal Children’s Hospital, Montreal, Quebec, Canada 


SUMMARY Acetaminophen has been reported either to prolong or not to affect the clearance of 
ch: oramphenicol. To contirm one of these findings we studied the clearance of chloramphenicol 
and its metabolites using high pressure liquid chromatography in five patients (ages 2-5 to 5 
years) before and during oral treatment with acetaminophen (50 mg/kg/day). Significant 
differences were observed in mean (SD) peak serum ChotampHenicn concentration (— 20: TAZ 2) 
mg/l), mean (SD) apparent volume of distribution (+225 (162) ml/kg). mean (SD) chlorampheni- 
col half life (—1-9 (1-1) hours), mean (SD) chloramphenicol clearance (+236 (94) ml/kg/h), 
mean (SD) area under the curve (~83-5 (33-0) mg/I/h), and mean (SD) elimination constant 
(+0-34 (0-13)h~!) between samples obtained before and during treatment with acetaminophen. 
Acetaminophen, when given orally for several days, increased the clearance of chloramphenicol, 
perhaps by increased glucuronidation. This report re-emphasises the need for therapeutic drug 


monitoring whenever these two drugs are used together. 


Haemophilus influenzae is the leading cause of 
bacterial sepsis and meningitis in children between 
the ages of 1 month and 5 years. ' Chloramphenicol 
is a first line antibiotic for the treatment of in- 
vasive disease caused by ampicillin resistant 
H. influenzae.” Often these children have an in- 
creased temperature and are given antifever treat- 
ment. It has been reported that acetaminophen 
given intravenously prolongs the serum half life of 
chloramphenicol in adults.’ Recently. Kearns ef al 
ot served no differences in the pharmacokinetics of 
chloramphenicol between patients who received 
acetaminophen orally and those who did not when 
these groups were compared after the first dose of 
chioramphenicol and from the seventh through the 
seventeenth doses.’ Interestingly, they found that 
clearance of chloramphenicol significantly increased 
in those children who received acetaminophen 
between the steady state period and the final dose. 
Tke pharmacokinetics of chloramphenicol are ex- 
tremely variable.” The inability of Kearns er al to 
detect differences between their two treatment 
groups may have been due to the design of their 
stady. To clarify questions raised by these reports, 
we looked at the effect of oral acetaminophen on the 
clearance of chloramphenicol in subjects who served 
as their own controls. 


1121 


Patients and methods 


Five patients admitted to the Montreal Children’s 
Hospital between December 1983 and November 
1984 who had positive blood cultures for H. Bae lasik 
zae type b were studied. Their ages were 2-5, 2-5, 

3-5, 4, and 5 years. Four subjects had epiglottitis and 
one had meningitis. None had received acetami- 
nophen for the illness for which they were subse- 
quently admitted to hospital. All subjects were 
initially treated with intravenous chloramphenicol 
80 mg/kg/day and intravenous ampicillin 100-200 
mg/kg/day until the culture results were known and 
the ampicillin was stopped. One patient received 
two doses of rifampin during the 48 hours before the 
first kinetic study was performed. After 48-72 hours 
of treatment with chloramphenicol a 24 hour urine 
collection was obtained for a chloramphenicol clear- 
ance. During this collection period, a heparin lock 
was placed and after a dose of chloramphenicol had 
been infused over 20 minutes 1 ml samples of blood 
were obtained 30 minutes and one, two, three, four, 
and six hours after the infusion was complete. The 
blood was allowed tc clot, and the serum removed 
and stored at ~70°C. At the completion of this 24 
hour urine collection, oral acetaminophen 50 mg 
ke/day every six hours was started. Each dose of 
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acetaminophen was given 30 minutes before an 
infusion of chloramphenicol, 

Forty eight to 72 hours after. the start of treatment 
with acetaminophen urine was again. collected over 
24 hours for chloramphenicol clearance and the 
subject’s blood was sampled at the time points noted 
above after an intravenous dose of chloramphenicol. 
Serum specimens for each subject were run together 
as a batch. 

Acetaminophen, chloramphenicol, and chloram- 
phenicol succinate concentrations in serum and 
urine samples and chloramphenicol glucuronide 
concentrations in urine samples were determined 
using a modified high pressure liquid chromotogra- 
phy technique described by Aravind et al.° In brief, 
0-1 ml.sodium acetate buffer pH 4-6 (1-0 N) and 1-0 
ml ethyl _acetate containing 20 ug/ml 5-ethyl-5-p- 
‘tolybarbituric acid (ETBA) were added to 0-05 ml 
spiked serum or patient’s s¢rum. After vortexing 
and centrifuging, the organic top layer was trans- 
ferred to a clean tube and evaporated under air. The 
residue was resuspended in 0-05 ml methanol and 
0-02 ml :was injected into the column. Optimal 
resolution was achieved using a uBondapak C18 
column with an eluent sélution of methanol: 
water:acetic acid (37:62:1) ‘over a period of 18 
minutes with a flow rate of 1-5 ml/min at ambient 
temperature. Standard spiked solutions with ETBA 
as an internal standard were extracted according to 
the procedure outlined above. The average per cent 
recovery was 99%. 

The drug concentrations were calculated by in- 
tegration of the area under the curve of the 
chromatographic peak by the trapezoidal method. 
The average retention times for chloramphenicol, 
chloramphenicol: succinate, glucuronide (from 
“urine samples), and acetaminophen were 5-86, 8-5, 
5-76, and 2-65 minutes, respectively. The coeffi- 
cients of variance at 5, 15, and 25 mg/l of chloram- 
phenicol were 5-8, 5-6, and 4-7%, respectively. 
Kinetic variables were analysed assuming a one 
compartment open model using areas under the 
time concentration curve (AUC) from 0 to infinity. 
` The serum concentrations of chloramphenicol and 
its metabolites were plotted semi-logarithmically. 
‘The élimination rate constant Kel and the serum 
half life (t,2) were computed from the slope of the 
drug disappearance curve. This slope was deter- 
mined by.the method of leastisquares; extrapolation 
to time zero-generated the computed chlorampheni- 
col-concentration at time zero (Cpo). The apparent 
‘volume of distribution (AVd) was calculated’ as 
dose/AUC/Kel. Chloramphenicol clearance (CC,) 
was computed as dose/AUC. Chloramphenicol 
concentrations in serum and kinetic variables 
‘obtained before ‘treatment! with’ acetaminophen 
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were compared with those obtained during treat- 
ment with acetaminophen using the t test for paired 
samples and Wilcoxon’s matched pairs signed rank 
test. 

The protocol and consent form used in this study 
were approved by the Montreal Children’s Hospital 
ethics committee. Consent was obtained from the 
parent and patient (if possible) before enrolment. 


Results 


Significant differences in Cpo, AVd, tin, CC, 
AUC, and Kel occurred bétween samples obtained 
before and during treatment with acetaminophen 
(Table 1). This change was greatest for.CC,, which 


Table 1 Chloramphenicol kinetic variables before 
and during treatment with acetaminophen for the five 
patients. Values are mean (SD) i 


Kinetic variable Treatment with acetaminophen p Value’ 
Before During 

CPo (mg/l) 26:7 ($7) “17-0 (4-9) <0-003 
AVd (ml/kg) 306 (78) $31. (202) <0-04 
Kel (h7!) i 026 (0-09) 0-60 (0-15) <0-004 
tin (h) 3-0 (1-3) 1-2 (0-3) =0-02 
AUC (mg/h) 112-2 (42-6) 28-7 (12-2) =0-005 
CC, (mi/kg/h) 78 (23) 314 (107) <0-065 
CPo=Computed icol concentration at time zero; AVd=apparent 


volume of distribution; Kel=:elimination rate constant; ty2=serum half life; 
AUC=area under the time concentration curve from 0 to a; CCp= 
chloramphenicol clearance. i 

*t Test for paired , two tailed: p=0-04 for all variables by Wilcoxon's 
matched pairs signed rank test, two tailed. 
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Figure Chloramphenicol kinetics in the serum of a patient 
before (A) and during (1) treatment with acetaminophen. 
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Table 2 Urinary excretion of chloramphenicol and 
meiibolites by the five patients before and during 
trectment with acetaminophen. Values are mean (SD) 
percentage of chloramphenicol (mg/l) excreted in the urine 
as chloramphenicol, chloramphenicol succinate, and 
chloramphenicol glucuronide 





Compound excreted Treatment with acetaminophen 


74 (5-9) T7 (62 
69: 1 5-9} a (12-9) 
35 (20) 1-1 (11-6) 


C hicramphenicol 
Chicramphenicol succinate 
Chleramphenicol glucuronide 





“p<ceus Compared with before treatment with acetaminophen. £ test for 
paired samples. two tailed: p=0-04. Wilcoxin’s matched pairs signed rank test. 
wo taled. 


increased to a mean (SD) of 236 (94) ml/kg/h (a 
303% increase trom the level before treatment with 
acetaminophen}. A representative serum dis- 
appearance curve in one patient is presented in the 
Figure. All patients recovered uneventfully, although 
one patient was unable to achieve a 30 minute peak 
chloramphenicol concentration in the 10-20 mg/l 
rarge considered therapeutic. 

The percentage of chloramphenicol excreted in 
the urine as chloramphenicol, chloramphenicol suc- 
cinate, and chloramphenicol glucuronide before and 
during treatment with acetaminophen is shown in 
Table 2, 


Discussion 


Our results, showing a decrease in CPo, AUC, and 
tyz and an increase in AVd, Kel, and CC, during 
treatment with acetaminophen, contrast to those 
previously published. These differences may be 
explained by differences in assay techniques and 
study design. Buchanan and Moodley described six 
adult patients who were given | g of chlorampheni- 
col intravenously, after which their serum chloram- 
phenicol concentrations were monitored for two 
hours.” Acetaminophen 100 mg intravenously was 
then given and additional serum samples for chior- 
amphenicol were taken over the next four hours. 
Serum chloramphenicol concentrations were deter- 
mined using a microbiological assay. Urinary excre- 
tioa of chloramphenicol metabolites was not deter- 
mined. 

Acetaminophen is rapidly absorbed from the 
gastrointestinal tract after oral administration; 
10-32% of the drug is lost through first pass meta- 
bo.ism by the liver and does not reach the systemic 
circulation.” The drug is extensively metabolised. 
primarily by the liver. The major metabolite in 
adults is the glucuronide conjugate.” The use of 
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intravenous acetaminophen in adults could result in 
higher peak blood concentrations and perhaps 
contribute to decreased chloramphenicol metabolism 
by competition for glucuronyl transferase activity. 
As sulphate conjugation of acetaminophen is the 
predominate route of degradation in children” '” 
a prolongation of the half life of chloramphenicol 
after a single intravenous infusion of acetaminophen 
may not be as pronounced. 

The method used to determine chloramphenicol 
concentrations is another important difference be- 
tween these studies. High pressure liquid chroma- 
tography is a highly sensitive and specific method. 
Buchanan and Moodley used a turbidimetric proce- 
dure, which measured inhibition of growth of 
Shigella sonnei.'' The mean chloramphenicol con- 
centration in their patients after treatment with 
acetaminophen was <10 mg/l. Microbiological 
methods, while measuring antimicrobial activity, are 
not specific for a particular drug. The patients in the 
earlier report had all received broad range antibio- 
tics. What effect these other antibiotics may have 
had on the determination of chloramphenicol con- 
centrations was not mentioned. A similar turbi- 
dimetric method had a sensitivity of 5-10 mg/I.!* As 
the report by Buchanan and Moodley did not 
contain patients who received chloramphenicol 
alone we do not know whether the serum concentra- 
tions reported were a result of treatment with 
eae or Maen ieee Se aria did not 


ees was given. 

The report by Kearns and coworkers found no 
differences in chloramphenicol pharmacokinetics 
between 18 children who received acetaminophen 
and eight who did not during their admission to 
hospital;* 10 children treated with acetaminophen 
had received the drug before their admission. In 
addition, the selection process for those who re- 
ceived aspirin or no antifever drug was not clearly 
defined. Large differences exist in pharmacokinetic 
variables of chloramphenicol among normal sub- 
jects. The half life of chloramphenicol in paediatric 
patients has been reported to range between 1-7 and 
12-0 hours.” To control for this extreme variability, 
it is important to use patients as their own controls 
whenever possible. The report by Kearns er al did 
find differences in pharmacokinetic variables be- 
tween the first and last dose of chloramphenicol in 
those children who had not received acetaminophen 
before their admission to hospital and a significant 
increase in chloramphenicol clearance at the time of 
the last dose in those patients treated with 
acetaminophen.* The methodological problems with 
these earlier reports highlight the problems with 
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pharmacokinetic studies when appropriate controls 
are not used. 

One of our patients received two doses of 
rifampin within 48 hours of the first kinetic study. 
This patient’s pharmacokinetic variables for chlor- 
amphenicol were similar to those of the other 
patients who did not receive acetaminophen. Treat- 
ment with rifampin has been reported to increase 
metabolism of itself and other drugs," probably 
as a result of induction of drug metabolising 
enzymes as evidenced by a proliferation of smooth 
endoplasmic reticulum of the hepatocyte and in- 
creased glucuronidation.'® Such activation is usually 
maximal 48 hours after induction. If treatment with 
rifampin affected our patient’s metabolism of chlor- 
amphenicol the effect should have been present 
before the first kinetic study. The recent report of an 
effect of rifampin on chloramphenicol concentra- 
tions used peak serum concentrations, which can be 
affected by rate of drug infusion, and did not specify 
whether the patients received acetaminophen before 
admission to hospital.” 

The accelerated chloramphenicol clearance after 
treatment with acetaminophen could not be attri- 
buted to state of hydration or fever as these clinical 
states were similar for both study periods. More- 
over, the most substantial change was noted in the 
elimination rate constant (+131%). not AVd 
(+74%). This indicates that the increase in chloram- 
phenicol clearance is due mainly to an accelerated 
elimination rate constant secondary to increased 
metabolism. This is supported by an almost twofold 
increase in the urinary excretion of the glucuronide 
metabolite (Table 2). 

Age, rate of infusion, obesity, underlying disease, 
and other drugs that the patient is receiving have all 
been shown to effect the serum concentration of 
antibiotics administered intravenously. This report 
re-emphasises the need for therapeutic drug moni- 
toring whenever drugs with narrow therapeutic 
index are used and the drug therapeutic concentra- 
tions are near the presumed toxic concentrations. 
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Short reports 


Sleep apnoea in infants with congenital stridor 


F A ABREU E SILVA, A WILLIAMS, AND H SIMPSON 


Devartment of Child Life and Health, University of Edinburgh, Royal Hospital jar Sick Children, 
Edinburgh, and Department of Child Health, University of Leicester 


SUMMARY Indices of central apnoea, respiration 
rat2, heart rate, and body movements were com- 
parable in seven infants with congenital stridor 
(in=antile larynx) and matched controls. Obstructive 
slezp apnoea was only observed in three of seven 
infants with stridor. Periodic breathing was less 
common in infants with stridor than in controls. 


‘Guileminault et al have reported death (attributed 
to sudden infant death syndrome) of an infant with 
congenital stridor i in whom obstructive apnoea was 
shcwn during life.! As congenital stridor is not 
uncommon in infancy and as its severity is influ- 
enced by coincidental respiratory infection, we set 
ou’ to study sleep apnoea in seven otherwise healthy 
infants with this condition. 


Patients and methods 


Seren infants with a history of stridor from birth or 
the early weeks of life were studied. There were four 
bozs and three girls, with a mean gestation of 40 
weeks (range 39-40 weeks) and mean birth weight 
of 3100 g (range 2670-4410 g), whose mean chrono- 
logical and postconceptional ages were 10 weeks 
(range 7-15 weeks) and 50 weeks (range 47-55 
we2ks), respectively, when initial studies were 
comducted. In each case the diagnosis of congenital 
laryngeal stridor (‘infantile larynx’) was made on the 
basis of history, examination, and findings at laryn- 
goscopy. Chest x ray films yielded normal results 
and visualisation of the tracheal air column and 
' barium filled oesophagus by lateral x ray films of the 
neck excluded important tracheal or oesophageal 
compression. There was no clinical suspicion of 
cardiac or neurological abnormality. One infant had 
mi-d to moderate micrognathia. Apart from stridor 
these infants were otherwise well when studies were 
carried out. 

Seven healthy normal infants, matched for sex, 


gestation, and postconceptional age (to within 27 
weeks in six cases) were selected as controls. Four 
had had no previous illnesses, but three had suffered 
from respiratory infections from- which they had 
recovered some. weeks earlier. All were free of 
symptoms and apparently healthy when studied. 
Consent for participation in the study was obtained 
from parents of all infants after a detailed explana- 
tion of the purpose and plan of the proposed 
investigation. 

Details of monitoring procedures and analytical 
methods are described in detail on pages 1057-8 in 
our accompanying paper.” Central apnoeic pauses 
were defined as periods during which there was 
absence of chest and abdominal.movements and 
stopping of air flow at the nostrils for at least six 
seconds. Indices of central apnoea were assessed for 


_apnoeic pauses >6 seconds in relation to sleep 


state. The mean duration of apnoeic pauses and the 
episode of apnoea of longest duration. were noted. 
The frequency of occurrence and duration of periodic 
breathing and gross body movements were -also 
computed. 


Results 


Table 1 gives the results for apnoea variables, per 
cent sleep, respiration rate, and heart rate in infants 
with stridor and matched controls. No differences 
were observed between corresponding variables. No 
infant had prolonged (>15 seconds) central apnoea. 
Recurrent brief (>3 and <6 seconds) episodes of 
obstructive apnoea was observed in three infants 
and prolonged (> 6 seconds) episodes of obstructive 
apnoea in one. No control infant had either pro- 
longed episodes of central or episodes of obstructive 
apnoea. 

Table 2 gives the results for gross body move- 
ments and periodic breathing. Number and duration 
of gross body movements were comparable in 
infants with stridor and their matched controls. 
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Table 1 Apnoea variables, per ¢ 


and heart rates in relation to sleep phase in seven infants 
with stridor and their case controls. Values are mean (SE) 
Steep i Control 
phase (n=7) (n=7) 
Apnoea index Active 0-44 (0-36) 0-29 (0-14) 
Quiet 0-36 (0-14) 0-38 (0-14) 
Apnoca attack rate Active 0-06 (0-05) 0-14 {0-02} 
i Quiet 0-05 {0-02} 0-05 (0-02) 
Episode of longest 
duration (sec) Active 3-81 (1-87) 4-27 (1-55) 
Quiet 7-37 (1-57) 5-60 (1-52) 
Mean duration of — 
apnoea (sec) Active 3-15 (149) 3-82 (1-36) 
Quiet 6-52 (1-15) 5-00 (1-32) 
Apnoea per cent Active 1-70 (1-36) 1-26 (0-57) 
Quiet 1-29 (0-50) 1-59 (0-56) 
Sheep per cent Active 9-10 (4-72) 43-40 (3-80) 
Quiet 48-40 (4:31). 44-30 (4-20) 
Respiration rate Active 00 (3-42) 39-00 (1-76) 
Quiet 1-40 (3-18) 34-60 (2-65) 
Heart rate Active ` -128-20 (4-41) ` 127-20 (2-63) 
Quiet 070 (3-98) 115-50 (5-70) 
Mann-Whitney U statistical test applied but not significant for each variable. 
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sleep, and respiration 


Table 2 Gross body movements and periodic breathing in 
relation to sleep phase in seven infants with stridor and ` 
their matched case controls. Values are mean (SE) 








‘Sleep Infants with Matched 
phase stridor at control at 
‘ presentation presentation 
Body movements: 
Total duration 
{min/100 min sleep) Active 3-55 (0-70) 6-95 (1-43) 
i Quiet ` 1-71 (1-00) 1-23 (0-36) 
No/100 min sleep Active 23 (3-94) 29 G-8)) 
Quiet 18 (9-47) 16 {3-38} 
Periodic breathing: 
Total duration OE. 
{min 100 min sleep) Active 0-73 (0-54) 2-18 (0-96) 
; Quiet 0-30 (0-19) 0-61 (0-36) 
No/100 min sleep i 2 (1-56) `- 5 (2-10) 


1 (0:59) 1 (0-46) 








Mann-Whitney U statistical test applied but not significant for each variable. 


There was less periodic br thing in infants with 
stridor than in controls, but|this difference did not 
reach: significance. 


Discussion 


The results indicate that apnoea variables, per cent 
sleep, respiration rate, heart rate, and gross body 
movements were similar in infants with mild stridor 
and normal healthy controls in both active and quiet 
stages of sleep. 

Brief-or prolonged episodes of obstructive apnoea 
was occasionally observed in|infants with stridor but 
not in matched controls. In their review of congeni- 
tal stridor in infancy Kahn et'al reported an infant in 


whom tracheomalacia had been diagnosed and who 
died suddenly and unexpectedly at 4-5 months of 
age.’ In that condition stridor is predominantly 
expiratory and not inspiratory as in the present 
cases. Guilleminault et al reported the sudden death 
of a 5 month old infant who. presented as a case of 
‘near miss’ sudden infant death syndrome at 3 
months of age.' Twenty four hour polygraphic sleep 
monitoring was carried out within 30 hours of her 
death. The data obtained were compared with those 
from healthy control infants and other infants with 
‘near miss’ sudden infant death syndrome who were 
of similar age. The number of mixed and obstructive 
respiratory events was abnormally high in the case 
described. The finding of obstructive episodes of 
apnoea in three of the seven infants in the present 
series suggests that superimposed respiratory infec- 
tion might increase still further the hazard of 
episodes of obstructive apnoea in such cases, with its 
attendant adverse effects on heart rate and oxygena- 
tion. 

Periodic breathing, defined as two episodes of 
apnoea of 3 seconds or more within 20 seconds of 
each other,* was uncommon in infants with stridor, 
occurring in only two index cases and in each case 
control. This difference is obscured in the case 
control comparison (Table 2), which failed to show a 
significant reduction in periodic breathing in infants 
with stridor. It is conceivable that upper airways 
obstruction modifies feedback loops so as to influ- 
ence central respiratory control mechanisms,’ there- 
by reducing or abolishing periodic breathing. It is of 
interest that the case described above? had less 
periodic breathing than the controls selected. 


We thank the parents who allowed us to study their infants and Mrs 
P Walker, who typed this manuscript. This study was supported by 


‘the Foundation for the Study of Infant Deaths (grant number 


28/HS/78). 
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SUMMARY An oral solution containing lactulose 
and. L-rhamnose was administered to six patients 
witE cystic fibrosis. Intestinal absorption of both 
sugars was assessed by measurement of their urinary 
excretion. The lactulose: L-rhamnose excretion ratio 
was. raised, supporting the hypothesis of an 
intestinal component to the malabsorption of cystic 
fibrosis. 


While the role of pancreatic insufficiency in the 
pathogenesis of the malabsorption syndrome of 
cystic fibrosis has long been recognised, more 
recently. an intestinal component to the malabsorp- 
tior has been proposed. 

The smali intestinal permeability to probe mol- 
ecu.es is widely used in the study of small intestinal 
absorptive function. One such test showed that after 
ora_ ingestion of p-xylose patients with cystic fibrosis 
havz higher blood concentrations of p-xylose than 
conirols.* These results were not substantiated, 
however, by steady state perfusion experiments in 
isolated in vivo lengths of jejuna.” It was proposed 
that other mechanisms, such as altered gastrointes- 
tinal motility, decreased hepatic metabolism, or 
deczeased renal excretion, might explain the raised 
blood p-xylose concentrations in cystic fibrosis.° 

‘nother test compares the intestinal permeability 
to the monosaccharide L-rhamnose and the dissac- 
cha-ide lactulose by simultaneously measuring their 
urirary excretion after oral ingestion of a solution 
concaining both sugars.* The normal intestine is 
much less permeable to lactulose than to L- 
rhamnose, so that the lactulose:_-rhamnose excre- 
tion ratio (with both quantities expressed as a 
percentage of the oral dose ingested) is approxi- 
mately 0-05.* In children the upper limit of normal is 
considered to be 0-07.° By studying alterations in 
the absorption of one substance relative to another, 
errcrs due to altered gastrointestinal motility, 
dist-ibution after absorption, and renal excretion 
should be minimised.4 In this study the lac- 
tulose-L-rhamnose test was performed in six 
paticnts with cystic fibrosis. 


Patients and methods 


Six patients (four boys and two girls) with a mean 


age of 12 years (range 8-15 years) participated in the 
study. All had the typical history of cystic fibrosis 
and raised concentrations of sweat electrolytes at 
the time of diagnosis. All patients were taking 
pancreatic enzyme substitutes. i 

After an overnight fast each patient ingested an 
oral load (80 ml) containing lactulose (5-3 g in 7-5 ml 
of ‘Duphalac’ syrup) and rhamnose (0-75 g). All 
urine passed over the next five hours was collected, 
its volume recorded, and a sample, preserved with 
merthiolate, frozen and stored for analysis. 

Urine samples were analysed for lactulose and 
L-rhamnose by quantitative thin layer chromatogra- 
phy with five upward developments on silica gel | 
layers (Schleicher and Schull F1500), with methanol/ 
butanol 1-ol/water, 30/30/30, vol/vol as the solvent 
for the first two developments, butanol 1-ol/ethanol/ 
acetic acid/water, 60/30/10/10, vol/vol as the solvent 
for the third and fifth developments, and butanol 
1-oVethyl acetate/pyridine/acetic acid/water, 5/70/ 
15/10/10, vol/vol as the solvent for. the fourth 
development, using raffinose and. fucose as internal 
standards. The sugars were measured by dipping in 
1-4% wt/vol 4 aminobenzoic acid in 3-5% vol/vol 
orthophosphoric acid in methanol and heating for 10 
minutes at 120-130°C, measuring the resulting 
colour by densitometry. 

Each patient’s height (m) and weight (kg) was 
measured and body mass index (height/weight’) - 
calculated. Forced vital capacity, forced expiratory 
volume in one second, and the ratio between these 
measurements was also measured in each patient. 
For the purpose of comparison, forced vital capacity 
was calculated as a percentage of that expected for 
patient’s height. i i 

Standard statistical methods were used in attemp- 
ting to correlate the lactulose:L-rhamnose excretion 
ratios with the clinical variables. l 


Results 


The six subjects excreted 13-111 mg (median value 
26-8 mg) lactulose and 19-89 mg (median value 
26:5 mg) L-rhamnose in-the five hours. The lactu- 
lose:L-rhamnose ratio was derived from the five 
hour sugar excretions expressed as a percentage of 
the oral dose. In these subjects excretion ratios were 
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Table Urinary lactulose and t-rhamnose excretion 
expressed as a percentage of the oral dose ingested and the 
lactulose: L-rhamnose excretion ratios 


Case % Recovery Laciuiose: 

No ten Lerharinase excretion 
Lactulose -rhamnose ratio 

] 2h LLOR ü. 176 

2 0-36 3.66 DAR 

3 057 Z4% [23 

4 045 4-3] 0-16 

5 0-57 3-42 1&7 

6 (26 3.98 DAIO 





0-079-0-23 (median value 0-13) (Table). All of these 
ratios exceed ‘normal’ values.” 

There was no significant correlation between the 
level of the lactulose:L-rhamnose excretion ratio 
and body mass index (r=—0-0594), forced vital 
capacity, (r=—0-717), or forced expiratory volume 
in one second: forced vital capacity ratio 
(r=—0-217) in these patients. 


Discussion 


This study supports the hypothesis that there is an 
intestinal component to the malabsorption of cystic 
fibrosis. The mechanism of this intestinal dysfunc- 
tion is yet to be elucidated. It seems unlikely that 
alterations in carrier mediated transport mechan- 
isms are important, as mediated processes contri- 


bute little to the absorption of lactulose and L- 
rhamnose." It has been proposed that the presence 
of abnormal mucus overlying the intestinal mucosa 
may alter transport kinetics.” 

The clinical implications of this intestinal mucosal 
dysfunction in cystic fibrosis remain to be explored. 
In this small group of subjects the lactulose:L- 
rhamnose excretion ratio did not correlate with any 
of the simple clinical variables selected. 


We thank the children and their physicians Dr Watson and Dr 
McMahon. We thank Ms E Drummond for typing the manuscript. 
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SUMMARY Twenty five (37%) patients with cystic 
fibrosis attending our clinic have experienced acute 
meconium ileus equivalent. In one year 37 of 40 
episodes were treated with single dose oral Gastro- 
grafin with an 81% success rate, 75% being treated 
as Outpatients. Patients found this treatment prefer- 
able to other recommended treatment. 


ly i dS NNR HEL RRR AAAA AAAA Ane ep I RA = sm emt oP RP BAIA REALM 


Meconium ileus equivalent is an important com- 
plication of cystic fibrosis that reports have sug- 
gested occurs in 10-20% of patients.’ ~ 


Treatment is primarily preventative, using N- 
acetylcysteine, laxatives, and, in some cases, adjust- 
ment of pancreatic enzyme supplements. Surgery 
during acute attacks carries a high mortality and 
morbidity from bleeding, poor wound healing, and 
postoperative chest infections’ and should be 
avoided through effective medical treatment. N- 
Acetylcysteine given both by nasogastric tube and 
by enema three times daily? and Gastrografin 
enemas’ have been used successfully but are un- 
pleasant and require admission to hospital. There is 
little published information about oral Gastrografin 
in relief of acute meconium ileus equivalent. 
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Patents and methods 


Sixty seven patients aged 9 months to 23 years 
‘(mean age 9-8 years) who were attending the cystic 
fibrosis clinic at our hospital were entered into the 
study. Those who had experienced meconium ileus 
equivalent were noted, and those who had had 
epizodes during a recent 12 month period were 
compared in detail with those who have never had 
meconium ileus equivalent. 

Meconium ileus equivalent was defined as: col- 
ick” abdominal pain with a mass in the right iliac 
fossa plus either , constipation or typical x ray 
changes, or both.* 

The two groups were compared for sex, meco- 
niun ileus at birth, type of pancreatic enzyme 
supplement, and chronic Pseudomonas chest infec- 
tion, using Fisher’s exact probability test, and for 
age, Schwachman score, number of admissions to 
hospital, quantity of pancreatic enzyme supplement, 
anc stool frequency, using the Mann-Whitney U 
test. 


Results 


Twenty five patients (37%) had had meconium ileus 
equivalent at some time. Fourteen children suffered 
a total of 40 episodes during a one year period. 

Characteristics of the children with meconium 
ileus equivalent during the study and of those who 
hac never had meconium ileus equivalent (n=42) 
are shown in the Table. 

Twelve patients had experienced recurrent meco- 
nium ileus equivalent and were treated prophylacti- 


cally during the study year, 10 with regular oral N- 
acetylcysteine and eight with laxatives. i 

A single dose of oral Gastrografin was given at the 
onset of symptoms on 37 occasions in 11 children. 
Four children aged 3-8-5 years received 50 mi and 
seven aged 6-6-19-3 years received 100 ml. All were 
asked to drink at least four times that volume of 
water or fruit squash. 

Vomiting of the Gastrografin soon after it was 
taken occurred three times. The children, however, 
did not continue to vomit, and Gastrografin was 
subsequently tolerated well when the dose was 
divided over several hours. There were no other 
complications. 

Thirty episodes (81%) were treated with a single 
dose. A second dose 24 hours later was needed on 
six occasions. Treatment failed only once, in an 11 
year old girl who. subsequently responded to a 
Gastrografin enema. 

Twenty eight episodes (75%) were treated on an 
outpatient basis. Nine episodes were treated in 
hospital, but in only six (16%) was admission 
primarily for treatment of meconium ileus equiv- 
alent. 


Discussion 


Meconium ileus equivalent is a troublesome and 
potentially fatal complication of cystic fibrosis, the 
aetiology of which remains obscure.’ We have found 
it to be more common than has previously been 
reported and to occur most often in older children 
who have more severe manifestations of cystic 
fibrosis and who are admitted to hospital often. Our 


Table Comparison of characteristics of children with meconium ileus equivalent and those who had never had 


meconium ileus equivalent during a 12 month period 


Group p Value 
With meconium Without meconium 
leus equivalent eus equivalent 
No 14 42 NS 
Sex iF:M) 11:3 20:22 NS 
Age Iyrs) (mean (rang)) 11-7 6-6 
(3-1~19-3) (0-7-23) <0-01 
Adnrssions/year (mean (range)) 1-86 (0-5) 078 (0-5) <0-05 
Adnrssions/year, exctuding those treated for 
meconium ileus equivalent (mean (range)) 1-35 (0-5) NS 
Meccnium ileus at birth (No (%)) 4 (28) 4 (9) NS — 
Meas Schwachman score 74 <0-05 
Chronic Pseudomonas chest infections i%) 6 (42) 6 (14) NS 
Mear No of stoob/day 1-98 NS 
Type of enzyme (No (%)): 
Paccrease 10 (71) 24 (57 NS 
Oner ` 4 (29) 18 (43) NS 
Enzyne/meal* (Pancrease equivalent) 2-6 2:5 NS 


NS Not significant. 


*I Pancrease=2 Cotazyme/Nutrizym or 3 Pancrex v Forte. 
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patients who had had meconium ileus equivalent did 
not have less well controlled steatorrhoea than those 
who had not had meconium) ileus equivalent, and 
neither prophylactic treatment nor newer pancreatic 
enzyme supplements has reduced the incidence of 
meconium ileus equivalent. 

The failure of prophylaxis |necessitates adeeuate 
treatment to relieve attacks.| Surgery is hazardous 
and should be avoided wherever possible.” Cur- 
rently. described regimens of medical management? * 
are effective but a ca D require admission 
to hospital. 

Gastrografin is a radiological contrast medium, 
containing sodium diatrizoate 100 mg/ml, meglu- 
mine diatrizoate 660 mg/ml, and iodine 370 mg/ml, 
plus flavouring and wetting agents. It is hypertonic 
with an osmolality of 2150 MOsm/kg H20 at 37°C. 
Absorption from the intestine is minimal. 

When Gastrografin is given by enema to relieve 
obstruction in the newborn, or in older patients with 
cystic fibrosis with meconium ileus equivalent, the 
manufacturers recommend that it be diluted four- 
fold with water. In our hospital children who require 
Gastrografin enemas to relieve meconium ileus 
equivalent have been given 100-200 ml Gastrografin 
in three times that volume of) water, under fluoros- 
copic control. 

We have found smaller 
children under 8 years and 1 


ral doses, 50 mi in 
mi in those 8 years 


and older, .to be effective. All children drink at least 
four times that volume of water or fruit squash with 
the Gastrografin. None of our patients has de-. 
veloped dehydration after these doses of Gastrogra- 
fin, and electrolytes measured in inpatients were 
normal. 

Oral Gastrografin is contraindicated where there 
is pre-existing dehydration, prolonged obstruction, 
or evidence of acute abdomen or iodine sensitivity 
but may otherwise safely be given to children aged 
over 5 years as outpatients. 

Oral Gastrografin is a simple, safe, and effective 
Outpatient treatment. We consider it to be the 
treatment of choice in acute meconium ileus equiva- 
lent in cystic fibrosis. 
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SUMMARY A 6 week old girl froma socially isolated 
family presented with seizures and was found to 
have a full fontanelle, retinal and subhyaloid 
haemorrhages, and anaemia, These findings were 


not the result of a shaking injury but of a ruptured 
intracerebral arterial aneurysm 


AD, AND J PUNT 


With vigilance for child abuse and awareness of the 
possibility of cerebral injury from shaking increas- 
ing, alternative explanations] of the characteristic 
clinical features of shaking may be overlooked. We 
describe a child in whom the initial impression of 
abusive shaking was false. 


and Paediatric Neurosurgery, University Hospital, Queen’ s Medical Centre, 


Case report 


The girl was born uneventfully at term weighing 

3300 g, the first child to unmarried white parents 
living in poor circumstances. Her mother was aged 
16 and her father 21 and unemployed. On the day of 
the child’s admission at the age of 6 weeks, her 
father thought she was well when he fed her 
at 0600h. Four hours later her mother noticed a one 
minute episode of twitching of the ‘left arm and 
hand. Similar episodes occurred at each feed of the 
day, but she sucked well and seemed normal 
between them. She screamed uncontrollably during 
her evening bath, with a further left sided seizure. 
At 2300h she awoke screaming and looked pale and 


Spontaneous Subhyaloid and retinal haemorrhages in an infant 


sweaty. Her father telephoned the family doctor and 
returned to bed but later accompamed her to 
hospital and said that he had recently bounced the 
baby, sleeping in her pram, down the few steps to 
the garden. 

Saortly after admission she had several momen- 
tary episodes of left sided clonic seizures. She was 
afebrile but pale and irritable. The fontanelle was 
full. There were extensive bilateral retinal haemor- 
rhages and a large right subhyaloid haemorrhage. 
There were no signs of direct injury or neglect, no 
cranial bruit. and normal femoral pulses. The head 
circumference was normal. 

Fer haemoglobin concentration was &5 g/dl. 
Other investigations with normal findings included 
white blood cell count and blood film, coagulation 
stucies, platelets. and a full x ray skeletal survey. 
Lumbar puncture showed moderataly blood stained 
cerebrespinal fluid with a xanthochromic super- 
natant and no evidence of infection. 

A diagnosis was made of intracranial haemor- 
rhage. probably resulting from shaking injury. She 
was transferred to the mtensive care unit where an 
urgent computed tomogram of the brain showed a 
large intracerebral haematoma (Fig. 1). This was 


Computed tomogram of the brain of our case 
without contrast on admission showing a localised 
haematoma in the right frontoparietal area. 
(Compare with Fig. 2.) 


Fig. i 





Lia 


considered to be incompatible with injury and to 
suggest spontaneous bleeding. 

Her condition stabilised rapidly without further 
seizures. Transfemoral right common carotid 
angiography was performed 36 hours after admis- 
sion. This showed an arterial aneurysm lying distally 
in an ascending frontal branch of the right middle 
cerebral artery. At craniotomy on the seventh 
hospital day the haematoma was evacuated and the 
aneurysm in its cavity removed. The only postopera- 
tive complication was a transient left sided weakness 
and at the age of | year she is clinically and 
developmentally normal. 


Discussion 


It is increasingly recognised that infants are particu- 
larly susceptible to cerebral injury by shaking.' - 
This may be accompanied by other clinical or 
radiological evidence of trauma but is often more 
subtle and difficult to establish. Retinal and sub- 
hyaloid haemorrhages are considered to be highly 
suggestive, if not pathognomonic, of the condition 
in infancy. We emphasise that they are not 
necessarily the hallmark of shaking and the presence 
of such haemorrhages should not become uncriti- 





Computed tomogram of the brain without contrast 


Fig. 2 
inan S week old child with fatal shaking injury , showing a 
posterior interhemispheric subdural haemorrhage (arrow), 
which contrasts with the normal density of the falx 
anterioriy. 
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cally incorporated into ‘standard practice’ as the 
sine qua non of abuse. Equal open mindedness to 
the interpretation of social factors in such cases 
should be maintained until a definite diagnosis has 
been made. 

Like any other haemorrhage, those in the optic 
fundus may be traumatic or spontancous. Among 
the spontaneous causes, a bleeding diathesis should 
be considered,' Diagnostic evaluation by computed 
tomography of the brain is also important. A 
localised intracerebral haematoma is most unlikely 
to be traumatic if there is no other evidence of 
parenchymal injury. Shaking may cause generalised 
brain contusien.* Alternatively, a subdural haemor- 
rhage may be induced and a posterior interhemis- 
pheric distribution is particularly characteristic of 
shaking injury (Fig. 2).? 

Recognition of a subdural haemorrhage by aspira- 
tion through the anterior fontanelle should also be 
considered critically. Any intracranial haemorrhage 
may leak into:the subarachnoid space and a subdural 
haematoma can develop if an aneurysm or arter- 
iovenous malformation ruptures through the arach- 
noid mater. Such a finding has been described in a 3 
month old child with an intracerebral aneurysm.” 
Arteriovenous malformations may also occur 
within the meninges and so bleed directly mto the 
subdural space. We can see little value in perform- 
ing diagnostic subdural taps when access to com- 
puted tomography facilities are available. 


We suggest that a computed tomogram of the 
brain should be considered urgently in the evalua- 
tion of cases of possible shaking injury or unex- 
plained fundal haemorrhages. This should clarify 
the appropriate course to follow and prevent mis- 
interpretation. A ruptured intracerebral arterial 
aneurysm may be eminently suitable for curative 
neurosurgery.” 


We thank Dr lan Holland for his neuroradiological expertise. 
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Topical anaesthesia for venepuncture 
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SUMMARY A topical anaesthetic cream was tested 
in a randomised, double blind. placebo controlled 
trial of 15 children. The severity of pain experienced 
during venepuncture was assessed. using visual 
analogue and verbal rating scales. The topical 
anaesthetic cream was found to be significantly 
superior to placebo using each form of assessment. 


Venepuncture is probably the commonest proce- 
dure carried out on paediatric patients requiring 
medical treatment. Many children tolerate the 
procedure well, but for some it is a major ordeal. A 
topical preparation that could be applied without 


discomfort and alleviate the pain of venepuncture 
would be particularly useful for children receiving 
repeated venepunctures. 

To penetrate intact skin a topical anaesthetic 
cream should contain local anaesthetic in high 
concentrations. This has hitherto been difficult to 
achieve because most anaesthetic bases are crystal- 
line at room temperature and unstable in high 
concentrations. By mixing two anaesthetic bases, 
lignocaine and prilocaine, in equal proportions, an 
eutectic mixture is obtained that is liquid at room 
temperature. This mixture, known as EMLA 
(Eutectic Mixture of Local Anaesthetics). can be 
incorporated into an emulsion without first dissolv- 
ing the bases in oil, making it possible to attain a 


higher concentration of active base for each emul- 
sion droplet than has been previously achieved.' 
The water within the emulsion enhances skin 
penetration by the local anaesthetic.” On the basis 
of these properties, it can be predicted that the 
cream would afford good dermal analgesia. 

Tae aim of the present study was to evaluate the 
anagesic effect of the anaesthetic cream with 
respect to venepuncture pain in children with 
leukaemia who were attending for repeated vene- 
punctures. 


Subgects and methods 


Fifteen children receiving maintenance treatment 
for -ymphoblastic leukaemia were asked to take part 
in tae trial. Informed consent was obtained from 
patients and parents and the trial was approved by 
the local ethical committee. 

The active preparation tested consisted of a 
mixcure of lignocaine base 25 mg/ml and prilocaine 
base 25 mg/ml, together with an emulsifier (Arla- 
tone) and a thickener (Carbopol). A placebo cream 
was. prepared in which the active bases were 
substituted with Migyol 812 oil. This placebo was 
visually and cosmetically identical to the active 
creem. Both placebo and active cream were pre- 
sented in identical 5g aluminium tubes. 

Each patient was assigned a pack of four tubes. 
These were labelled 1-4 in order of administration 
and contained the treatment sequences A, Pa Aa P4 
or F, A: P, Ay (A=active, P=placebo) as specified 
by a randomisation list. The trial was conducted 
dowle blind. The first application for each child was 
mace in the clinic by the investigator, after which 
tubes 2—4 were taken home for the cream to be 
app ied by a parent before subsequent clinic visits. 
The cream was always applied in a thick layer 
(roughly 2 ml each application) under an occlusive 
dressing, Tegaderm 3M, for a period of at least 60 
minutes before performing the venepuncture. At 
the end of this time the dressing and cream were 
removed and the site cleansed with 0-5% chlor- 
hex dine in 70% ethanol. Venepunctures were per- 
formed on the dorsum of the hand or the antecubital 
fossa, using a 21 or 23 gauge needle. A total of seven 
clin cians and nursing staff were involved in per- 
forming the venepunctures. 

Venepuncture pain was assessed using a 100 mm 
visual analogue scale and a four category verbal 
rating scale. The response categories were: (1) no 
pair; (2) some pain but less than a normal vene- 
puncture; (3) the same degree of pain as a normal 
venspuncture; and (4) more painful than a norma! 
ven2puncture. In most cases the assessment was 


Topical anaesthesia for venepuncture 1133 
made by the child. In the case of vounger children 
the assessment was made with the aid of the parent. 

‘Ease of veneouncture’ was assessed by the 
operator, using a three point verbal response scale. 
categorised as: (1) easier than usual: (2) the same as 
usual: and (3) more difficult than usual. 

At the end of the trial the value of the active 
cream was assessed by asking the parents whether 
they found the cream useful and worth while. 


Statistical analysis. Non-parametric statistical 
methods were used throughout. The data for all 
variables was analysed using Friedman’s ANOVA. 
The multiple comparisons test based on Friedman 
rank sums and Fisher's exact test were used to 
examine treatment differences in greater detail. 


Results 


Fourteen children completed the study. There were 
eight boys and six girls aged 1-14 years, with a mean 
age of 7 years. One patient, a 4 year old girl. refused 
to have further applications of cream after her 
second visit because she disliked the occlusive 
dressing. 
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Figure. Distribution of pain scores on the visual analogue 


scale as reported by children with leukaemia treated with 
active or placebo cream. 


p<0-0008, Friedman non-parametric two way ANOVA. 
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The distribution of pain scores on the visual 
analogue scales is shown in the Figure. There was 
a highly significant difference between the values for 
the active cream and the placebo (p<0-0005). 

The results on the four point verbal response scale 
of venepuncture pain also showed that the active 
cream was significantly superior to placebo. 
(Fisher’s exact test, p<0-01) There was no differ- 
ence between the two treatments with respect to 
ease of venepuncture. 

Most parents and patients considered the use of 
the active cream worth while. Parents were able to 
apply the cream to a suitable vein at home without 
difficulty. There were several occasions when 
patients had to wait for the cream to take effect, but 
this inconvenience was considered to be offset by 
the advantage of less painful venepuncture. Eleven 
of the 15 children or their parents said they would 
like to continue using the active cream. 

There were occasional skin reactions, consisting 
of pallor or redness, to both active cream and 
placebo. These were transient and clinically unim- 
portant. 


Discussion 


The results of this study clearly indicate that an 
anaesthetic cream is an effective agent for alleviation 
of venepuncture pain. [t is slightly inconvenient to 
use, but many children requiring regular venepunc- 
ture seem to be sufficiently motivated to accept this. 
Most children in this study elected to continue using 
the active cream for subsequent venepuncture. 


The factors affecting absorption of local anaes- 
thetic through intact skin have been studied by Evers, 
who found it necessary to use a thick layer of cream 
as emulsion droplets in contact with the skin readily 
became depleted of local anaesthetic.* In the same 
study percutaneous absorption of lignocaine and 
prilocaine into the systemic circulation was found to 
be measurable but slight. 

As in all local anaesthetic preparations it is 
necessary to consider the potential for hypersensi- 
tive reactions. There is an extensive clinical experi- 
ence with lignocaine and prilocaine given by injec- 
tion, and true allergic reactions are extremely rare. 
There is no reason to believe that these agents 
applied topically will behave differently. 


We acknowledge the help of Astra Pharmaceuticals Ltd. 
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Meningitis due to Haemophilus influenzae resistant to ampicillin and 


chloramphenicol 


A P FRAISE, A C G MEEKS, AND J E RICHARDS 


Department of Microbiology/Public Health Laboratory and Department of Child Health, 


Leicester Royal Infirmary 
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SUMMARY A case of ampicillin and chlorampheni- 
col resistant Haemophilus influenzae meningitis 
successfully treated with cefotaxime is described. 


Meningitis due to Haemophilus influenzae resistant 
to chloramphenicol and ampicillin is a recognised 


problem in the United States! but has only been 
reported once in the United Kingdom.* To our 
knowledge the case reported here is the first British 
case to be treated with cefotaxime. 


Case report 


A previously healthy 7 month old boy presented in 
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March 1986 with a one day history of lethargy, 
diarrhoea. and vomiting. On examination he was 
found to be febrile (38°C) with pronounced neck 
anc spinal rigidity. Initial investigation revealed a 
leucocytosis of 25 000 10° cells/I (83% polymorphs) 
and blood glucose concentration of 4-5 mmol/l (81 
mg100 ml). Cerebrospinal fluid (CSF) findings were 
as follows: white blood cell count 4800x 10°/1 (85% 
polymorphs and 15% lymphocytes). red blood cell 
count 240x101, protein: >1-0 g/l (100 mg/100 
mi, glucose: <1-0 mmol/i. A Gram stain of the 
deposit showed pleomorphic Gram negative rods. 

According to local practice treatment with chlor- 
ie and aane Was begun. 


lar type b. Biop I. was ‘isolated fie ‘CSF and 
blood. The organism was subsequently found to be 
resastant to chloramphenicol and ampicillin but 
sersitive to cefotaxime and co-trimoxazole by com- 
parative dise diffusion methods, using a local wild 
strain of H. influenzae as the control. Resistance to 
ampicillin was confirmed by showing production of 
}-lactamase, using a plate incorporation acidometric 
method (minimal inhibitery concentration being 
greater than 64 mg/l). 

The minimal inhibitory concentration to chloram- 
Paa was 16 mEn: and A of ace 


of Slack. ef “al 

Treatment was changed to cefotaxime (150 mg/ 
kgday in two divided doses), Repeat lumbar 
puncture after six days revealed a reduction in white 
bleod cell count to 760 10°/1 (56% polymorphs), a 
protein of 0-4 g/l, and a glucose of 2-1 mmol/l. CSF 
cuture for bacteria vielded negative results. The 
CSF was bactericidal against the organism to a titre 
of 16. The child made a slow but complete recovery 
with 10 days’ treatment. 


Discussion 


H. influenzae type b resistant to ampicillin and 


L135 


chloramphenicol was first reported in Bangkok in 
1979 as the cause of an outbreak of meningitis.” A 
case of skin infection followed by respiratory infec- 
tion reported in the UK in 1982 was subsequently 
found to be due to a non-capsule strain.” The first 
British report of a capsulate strain causing menin- 
gitis was successfully treated with latamoxef and 
co-trimoxazole. 

Multiply resistant H. influenzae is currently in- 
creasing in prevalence in the USA to the extent that 
extended range (third generation) cephalosporins 
have been considered in the first line treatment of 
childhood meningitis.” Although the number of 
British reports is still small, any increase may force a 
similar review of our ‘standard’ treatment. 


We thank the Public Health’Microbiology Laboratory at the John 
Radcliffe Hospital. Oxford, for their confirmation of the capsular 
typing and biotype of the solate. 
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Stool water in preterm neonates 


V PARMAR, Y M ABDULRAZZAQ, AND O G BROOKE 


Department of Child Health, St George’s Hospital, London 


SUMMARY Data are presented on faecal water 
losses in 93 preterm infants being fed breast milk (72 
infant days) or formula (280 days). Losses per kg 
increased to 4 weeks, when they amounted to 11% 
of water requirement in infants fed breast milk and 
8% in infants fed formula. 





There are no generally available data of faecal water 
loss in preterm infants. Losses in full term infants 
are said to be about 10 ml/kg daily.! or approxi- 
mately 13% of total daily water requirement.” 
Values for small numbers of preterm infants have 
been published by Friis Hansen? and Senterre* * and 
suggest a smaller loss of the order of 5-10 ml/kg 
daily, remaining fairly constant during the early 
weeks of life. This paper examines faecal water 
losses in a larger series of preterm infants at 
different weights and postnatal ages, and provides 
up to date information, previously unavailable, on 
stool water content in infants of very low weight. 


Patients and methods 


Faeces were collected during the course of energy 
and nitrogen balances at various postnatal ages in 
93 preterm infants (24-35 weeks’ gestation), 
weighing between 770 and 2085 g. Complete 24 hour 
collections were made on 352 days, of which 72 were 
during breast milk feedings and 280 during formula 
feedings. No infants were receiving intravenous 
feeding during the collections. At least two days of 
coHection were made in each infant, and in some 
cases as many as 10. Faeces were collected between 
carmine markers, using rayon napkin liners (Boots). 
These liners are effective at preventing the transfer 
of water into or out of the stool, provided the stool is 
formed or semi-formed.° We have not presented 
data on completely unformed stools. Stools were 
frozen at —24°C in sealed plastic bags together with 
their liners, which were of known weight. Twenty 
four hour aggregates were weighed wet and were 
then reweighed after freeze drying. The difference 
in weight represented the water content. 

Oral feed intake in most infants was between 180 
and 200 ml/kg/day after the end of the first week. 


Table Stool water loss (mlikg/iday) at various postnatal 
ages” in breast milk and formula fed preterm infants 

of 24-35 weeks’ gestation (mean (SD)) 
aca R 


Postnatal nge weeks} Preterm infants grouped according to feed 


Breast milk Fornula 

Stoel wuer n= rool water p= 

TONS foxy 
l 157 {R0} 1s Sf (3-95 Is 
3 16:3 {138} 15 Li-2 (3-8) 2S 
3 16i) i Hie} (3-Oje 24 
4 Ik (126) Ja 9-6 (2-6) Is 
Sand 6 PPS (94) H TR 4-9) 2] 





“During each postnatal week the values for cach individual infant were 
represented by the mean of at least two 24 hour stool collections. 

“For formula fed infants at postnatal ages of 3 and 4 and 6 weeks. t= 2-72 and 
DHS for mean (SD) stool water foss. 


Results 


The Table shows the faecal water loss (ml/kg/day) at 
various postnatal ages in breast milk fed and 
formula fed infants. Losses were greater on breast 
milk feeds, but the difference was only significant 
during the first 14 days; thereafter the variability of 
stool water content in the breast fed infants was too 
large for significance to be achieved. Losses increased 
with postnatal age until the fourth week and then 
declined. There was no further change after the 
sixth week, though the variance continued to 
diminish. No significant correlation was found 
between stool water losses (ml/kg/day) and body 
weight (r-0-23, p>0-05) or gestation (r-0-18, 
p>0-05), but there was a highly significant 
correlation between total wet stool weight and daily 
stool water losses (Figure). 

At an intake of 180 ml/kg/day, faecal water losses 
amounted to about 11% of the water requirement 
during the fourth week in breast milk fed infants and 
to about 8% in formula fed infants. In individual 
infants, however, as much as 24% of the intake 
could occur tn the stool on occasions. 


Discussion 


Water balance is important for preterm infants 
because of high insensible losses and imperfect renal 
concentrating ability. Stool water losses, though 
rarely measured, may be an important factor in 





34 
e e 
50 s ° / e 
° 
é 
66 e Fa 
: 4 e æ 
42 
e © 
ote 

38 
Tu 
$ 
g 30 
3 
Š 26 
Oy 

22 

18 

14 

10 

6 

2 

2 6 0 46 B 2 0646 DW BM B 
Stool water (g) 

Figure Relation between total wet stool weight and 


stool water loss. 


overall water economy and need to be taken into 
ac:ount in calculations of water balance. Our data 
provide information on stool water content from a 
large number of preterm infants and show that body 
weight and gestation are not important variables in 
determining stool water losses, but the type of 
feeding and the postnatal age do need to be taken 
imo account. Water losses were 45% greater on 
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breast milk than on formula and seem to increase 
during the first two weeks (presumably due to the 
increase in feed intake that occurs during this 
period), declining again to a stable level after the 
fourth week. Senterre found similar differences 
between breast fed and formula fed preterm infants 
(10 v 7 mli/kg/day) to those in our infants after the 
fifth week, but he did not examine postnatal age 
relations. Our results show that considerably greater 
allowances need to be made for younger infants fed 
breast milk. 

It is not difficult to weigh stools at the bedside 
using preweighed liners and modern electronic 
balances. Stool water can be calculated from stool 
weight using the Figure, from which it can be seen 
that 10 g stool contains approximately 7 g water. 
The increasing scatter at high stool weights certainly 
reflects the greater fat content of such stools, 


V Parma was in receipt of a grant from the British Council. 
Y M Abdulrazzag was a PhD student supported by a grant from the 
United Arab Emirates. 
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Percutaneous insertion of central venous feeding 


catheters 


J W L PUNTIS 
Institute of Child Health, 


Since 1968 when Wilmore and Dudrick described 
normal growth and development i in a child receiving 
all nutrients intravenously,’ the practice of total 
parenteral nutrition in infants and children has 
become established as a life saving procedure.” 
Maintaining the infusion of hypertonic feeding 
solutions by the use of peripheral veins over 
anything but short periods is unpleasant for the 
patients and becomes increasingly technically diffi- 
cult, especially in small babies. An alternative 
approach that employs central venous catheterisa- 
tion is convenient for the patient but depends upon 
the availability of skilled surgeons and theatre 
facilities. In addition, it carries with it certain risks, 
particularly serious infection. In 1973 Shaw de- 
scribed a simple way of inserting central feeding 
lines percutaneously when administering total 
parenteral nutrition to sick low birthweight babies 
on special care baby units.” where it “has since 
become an established practice.’ The same 
technique has also been advocated for use in older 
children.” We have found this method well suited to 
small babies under | year of age recovering from 
gastrointestinal surgery or with other indications for 
total parenteral nutrition. 

In our hospital all patients receiving total 
parenteral nutrition are initially referred to a nutri- 
tional care team for assessment and daily supervi- 
sion of fluid and nutritional requirements. In addi- 
tion, one member of this team (JP) has inserted a 
central venous feeding line if requested, using the 
technique described by Shaw.* The patient is there- 
by spared a surgical procedure and anaesthetic, 
while pressure of work on busy surgical colleagues 
and theatre staff is reduced. The whole process is 
less labour intensive than surgical insertion and 
therefore considerably cheaper. 


Methods 


The procedure is performed on the ward with the 


University of Birmingham 


child left in his incubator or cot. As the technique is 
little different to siting a drip as far as the patient is 
concerned parental consent is not requested; seda- 
tion is unnecessary. The operator identifies a 
suitable vein: in the scalp one running in front of the 
ear is preferable and in the arm a median cubital 
vein. The long saphenous vein or one on the hand 
may also be used. The distance from the chosen vein 
to the right nipple is measured and this gives the 
approximate length to which the line must be 
inserted to place the tip within the right atrium. 

A stainless steel trolley is laid up with a cut down 
set from theatre. The operator wears cap, mask, 
gown, and gloves. The latter should be powder free 
if possible or otherwise washed in sterile water to 
prevent powder contaminating the feeding line 
when handling. A sterile no touch technique is used 
throughout the following procedure: a nurse assis- 
tant is needed to hold the baby still. 

The skin is cleaned with chlorhexidine 5% in 70% 
methylated spirit; sterile towels are used to drape 
the surrounding area. The Silastic feeding line (0-30 
mm internal diameter, 0-64 mm external diameter) 
is removed from the packet in which it has been 
autoclaved and cut to a length roughly 15 cm longer 
than that required for insertion into the vein. This is 
most conveniently measured using a sterile paper 
tape measure autoclaved together with the line. 
Next, a5 ml syringe is filled with heparinised saline 
(S units in 5 ml 0-9% saline) and attached to a 25G 
Butterfly needle, the cutting edge of which is first 
blunted using the ridged surface of a needle holder 
from the cut down pack. The cylindrical plastic 


“Silastic feeding line (0-3 mm internal diameter, 0-64 mm external 
diameter} (Catalogue Number 602-105) is available from Dow 
Corning, ABCO House. Reading, Berks. 


“9G and 25G Butterfly needles are available from Abbott 
Laboratories, Hospital Products Division, Queenborough, Kent 
MEH SEL. 
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guard removed from the Butterfly is retained for 
later use. 

A 19G Butterfly needle* with the plastic tubing 
cut cff is used to enter the vein. The assistant brings 
up the vein. if a limb is being used. by gentle 
squeezing around the proximal part. For a scalp 
vein finger pressure distally will distend the vein 
adec uately. Blood flowing back through the needle 
can oe controlled by light pressure over the needle 
tip. The Silastic feeding line 1s grasped with fine 
forceps and inserted into the needle and up the vein 
several millimetres at a time. If an arm vein is 
canrulated, the ine may stick at the shoulder. This 
is more likely to happen the more lateral the vein, 
but abduction or other movement of the arm will 
ofter allow the line to be further advanced. 
Simdarly, if the long saphenous vein ts used progress 
may be obstructed at the groin; this can be 
overcome by manipulating the leg while pushing on 
the line. Insertion from a scalp vein may be 
inte-rupted as the line reaches the neck only to 
continue if the shoulders are rotated. 

Tre line ance inserted to the desired distance is 
hele firmly in place by taping to the skin. The 19G 
Buterfly is now discarded and the retained plastic 
needle guard threaded over the end of the Silastic 
line Once the 25G Butterfly is inserted for its full 
length into the line the guard can be slipped back 
into place on the needle and thus protect the Silastic 
from damage by movement against the bevel. The 
blunting of the needle reduces the risk of perforating 
the line while being inserted. The guard is held in 


postion by sandwiching between two pieces of 


Elas stoplasť on the dorsal and ventral surfaces of the 
But-erfly, extending from just beyond the guard tip 
to tie wings of the ‘Butterfly (Figure). The line can 
now be flushed through with heparinised saline, 
and, if in a large blood vessel, gentle suction on the 
syringe will immediately cause the line to fill with 
bloed. If blood cannot be aspirated the line is almost 
certainly in a small vessel unsuitable for hypertonic 
fluid administration. The position must always be 
chezked radiographically using a | ml injection of 
Hypaque 23%. Ideally, the line tip should be sited 
just within the right atrium to allow maximum 
dilution of feeding fluids. If it has not been possible 
to advance beyond a peripheral vein the line may be 
use} as a peripheral drip, but thrombophlebitis 
usually ensues within a few days. 

The excess line is coiled up on the skin and 
covered with a small piece of sterile gauze held in 
plaee by Elastoplast tape. If insertion is from the 
scalp spraying the surrounding skin before applying 
the Elastoplast with Nobecutane Aerosol provides 
a st.cky resin that will help hold the tape in place for 
wecks if necessary. For arm or leg insertions, 
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Figure Diagram illustrating needle feeding line assembly, 
with position of elastoplast indicated by dotted line. 


circumferential Elastoplast strapping should be 
wound around the limb, starting distally until the 
whole butterfly and line assembly are covered 
together with the insertion site. We do not routinely 
disturb these dressings, but suspected sepsis at a 
later date would warrant inspection of the line entry 
site. Limbs should be splinted if the feeding catheter 
is running across a joint. 


Patients and results 


From March 1984 to August 1985, 138 patients were 
referred to the nutritional care team for total 
parenteral nutrition, 37 together with the request 
that a percutaneous central venous feeding line be 
inserted. Twenty two patients weighed more than 
3000 g and 15 less than 3000 g, with a range of 
1000-7000 g. 

In 31 patients catheter insertion to the right 
atrium was successfully accomplished. Several 
babies required more than one catheter during their 
course of total parenteral nutrition: in all, 41 were 
inserted. The site of entry was scalp vein in 19, 
antecubital vein in 19, and the long saphenous vein 
in three. The procedure from start to finish averaged 
about one hour. The mean line survival was 17 days, 
with a range of 6-45 days. The reasons for line 
removal were as follows: 25 electively at completion 
of total parenteral nutrition, seven occluded, four 
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became infected, four were associated with limb 
swelling (including the three inserted from the leg), 
and one pulled out by the, patient. 


Failures 


In six patients (16% of referrals) it was not possible 
to insert a line. In each icase this was due to 
difficulties finding a suitable; vein in sick babies who 
had already had a number of peripheral infusions. It 
is a useful rule for junior staff not to use antecubital 
veins for peripheral drips where possible if central 
venous feeding using this technique is anticipated. 
Quite a number of successfully catheterised babies 
had undergone repeated venepuncture, however, 
and careful inspection for unused veins is well worth 
while even in these circumstances. 


~ 


Complications 


Sepsis is the most common major complication seen 
with central venous feeding and occurred in four of 
‘our 31 patients.: In each case the child became 
‘feverish and unwell without signs of localised 
infection. Positive bacterial cultures were subse- 
quently obtained from both blood and the line once 
removed. The infecting organisms were Staphylo- 
coccus aureus, Staph. albus,| Streptococcus faecalis, 
and Klebsiella species. These four patients all made 
an uneventful recovery afterjremoval of the feeding 
line and treatment with antibiotics. We have 
compared patients with similar indications for total 
parenteral nutrition, unde rying condition, and 
‘weight but fed either by surgically inserted central 
venous catheter or percutaneous line: the only 
significant difference in line performance with re- 
gard to days of use, blockage, sepsis, and accidental 
removal was a lower incidence of line associated 
sepsis in those patients with percutaneously inserted 
catheters. T 


Discussion 







Percutaneous Silastic catheters are most suitable for 
smail babies who are relatively immobile, less likely 
to pull on -their lines, and with a total fluid 
requirement that can be accommodated by the flow 
restriction imposed by a 25G Butterfly (about 50 ml 
per hour). Clearly, ‘their. usefulness extends beyond 


to the patient of not 
increasingly difficult 
venous cannulation. Septic complications can be 
minimised by obsessive sterile nursing care.° The 
infusion system is changed daily by nurses who wear 


cap and mask; the disconnected Butterfly hub is 
soaked ir 70% isopropyl alcohol together with the 
terminal attachment of the new system for three 
minutes before connection, a no touch technique 
being used throughout. Lines are dedicated to 
intravenous feeding fluids and cannot be used for 
giving drugs or taking blood. 

To minimise the risk of producing limb oedema 
from constriction of venous return care should be 
taken when applying a circumferential Elastoplast 
dressing to start distally and work proximally, at the 
same time ensuring that the strapping is not tight. If 
a line is in place for some weeks and growth is taking 
place Elastoplast originally loose may become tight 
enough to cause foot or hand swelling. This will 
often resolve if the old strapping is replaced by 
fresh, loose tape. Tube gauze might be used as an 
alternative method of dressing to circumvent this 
problem. 

Several advantages are apparent when comparing 
percutaneous insertion as described above with 
other methods of central venous catheterisation, not 
least the fact that it may be done at the bedside, 
without anaesthetic or surgical incision. The tech- 
nique is simple to learn and, with practice, often 
quick to perform. Should the Silastic catheter be 
accidentally pulled out or disconnected, blood 
loss is unlikely to be severe due to its small bore. 
Line removal is simple, unlike with cuffed cath- 
eters (Broviacs, Hickmans), which become fixed 
by fibrosis and merit general anaesthesia for 
removal. 

In our experience pércutaneous insertion of Silas- 
tic central venous feeding catheters offers a simple 
and acceptable alternative to surgical line insertion 


‘in neonates and infants requiring total parenteral 


nutrition. 
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Point of View 


Case conferences—for child abuse 


A zardinal recommendation of the Tunbridge Wells 

Study Group,’ and now a pivotal part of widely 

followed procedures, is the holding of case confer- 

enzes. These are immensely wasteful of professional 
time, and their only significant function can be to 
allay the anxieties of professional workers (and their 
reclistic fear of being scapegoated), and there are 

be-ter ways of doing this. Encouraging signs that a 

mcre critical attitude was beginning to be shown at 

onz time towards case conferences and cognate 

activities by directors of social services departments * 

now seem to have lapsed. We agree with Geach? 

thet case conferences are ‘one of the most pernicious 
aspects of the procedures’, and we strongly urge 
their abolition for the following reasons: 

(i) Case conferences are dangerously irresponsible 
because they have no continued existence, and 
no one can be held personally accountable for 
their decisions. 

(if) Case conferences entail a gross breach of 
professional confidence; for it is naive in the 
extreme to accept the cosy assurances so 
readily offered that members of such an ad hoc 
gathering can trust each other. Caseworkers 
and clinicians are in any case not entitled to 
entrust to strangers the information they pos- 
sess about their clients; and it is no part of a 
policeman’s job to trust anyone, or to promise 
to respect confidences. ‘Character assassina- 
tion’ may proceed without even the safeguards 
of a court of law; and the subsequent circula- 
tion of the minutes ensures an unrestricted 

-and irrevocable dissemination of defamatory 

allegations.’ 4 

(iit) Case conferences are inherently ineffectual, 
because: 

(a) The crucial decision whether, and when, it 
is safe to allow the child to return to its 
parents is a technical decision requiring the 
highest degree of professional competence. 
It is as absurd to expect a case conference 


to judge the fitness of a parent to have a 
particular child as it would be for a 
physician to ask a committee of nurses, 
pharmacists, laboratory technicians and 
ambulance men to tell him how to treat a 
complicated case of diabetes. 

(b) Even if some of the individual participants 
should happen to be adequately equipped 
to make such a decision, it would be quite 
unrealistic to expect them to do so in such 
circumstances. The nature and degree of a 
parent’s emotional problems. and their 
probable response to treatment can be 
assessed only in the course of a personal 
diagnostic-therapeutic interview,’ and not 
by any kind of debate, and still less by a 
debate arising out of differences of opinion 
that are inevitably based largely on emo- 
tional prejudices. 

(c) Decisions on the feasibility of treating 
parents’ problems must also depend-on the 
supervisor’s knowledge of the treatment 
facilities available—including the abilities 
of the particular caseworkers willing to 
undertake the treatment, which it is 
obviously not proper to discuss in a case 
conference. 

(d) The decision cannot be made once. for ali. 
The supervisor must keep it continually 
under review. . r- 
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Nebulisers—uses and) abuses | 


Sir, 
Although I read the annotation on nebulisers by Drs 
Newman and Clarke! with considérable interest, I would 





treatment. If, however, the treatment with nebuliser fails 
to produce a considerable improvement or the child 
deteriorates within one to two hours then further help is 
urgently required. | 

My second point is that the authors claim that the doses 


delivered by nebulisers are large, assuming that all the 
active ingredient placed in the nébuliser is inhaled by the 
child. We know, of course, that this is untrue; at least 4 
ml—that is, 25%-—will remain in the nebuliser in droplet 
form. We also know that as the; nebuliser is discharging 
throughout the respiratory cycle} it is unlikely that even 
25% of the remaining dose will penetrate the child’s nose 
or mouth. Thus the dose reaching the lungs is likely to be 
in the region of 50 to'100 pg aad not 250 to 500 pg as 
quoted in their paper. This is, of course, a trivial dose 
compared with that taken by many children in syrup or 
tablet form with complete safety. 


= 
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rs—uses and abuses. Arch 


A D MILNER 
University Hospital, 
ueen’s Medical Centre, 
Nottingham NG7 2UH 


Dr Clarke comments: 


Dr Milner’s letter in response to our annotation makes two 
points. The first is that we failed to point out how useful a 
nebuliser can be in monitoring the progress of an attack 
and I am not sure the annotation was addressed to that 
specific aspect.. 

‘The, second concerns the dose delivered by nebulisers. 


Approximately 10% of the dose placed in a nebuliser 
reaches the lungs and this’ we stated quite clearly, basing 
this figure on our measurements using radiolabelling 
techniques. For example, 2-5-5 mg of a bronchodilator 
liquid placed in a nebuliser would give on average 
approximately 250-500 yg in the lungs. This amount is only 
10% of the original, partly because of the very factors that 
you mention—namely, some drug remains in the nebuliser 
and that inhaled by the patient is only during the 


- inspiratory phase of the breathing cycle. It is quite invalid, 


however, to invoke the same factors to reduce the 
estimated drug delivery again by a factor of five to 50-100 
ug. Furthermore, we certainly have not assumed that all 
the drug placed in the nebuliser is inhaled, either in our 
annotation or elsewhere. Of course there are other factors 
that may reduce the lung dose further, such as inefficient 
apparatus, large droplets that deposit in the mouth, a short 
nebulisation time, and patients using a mouthpiece but 
inhaling through the nose. These points merely emphasise 
the need to use nebulisers in a precise and efficient 
manner. 


Nebulised pain relief for children 

Sir, 

I read your editorial on nebulisers with interest.’ Sadly, 
there is no explanation given for their popularity with 
patients, which must in part be due to the fact that 
nebulisers give rapid effective relief of distressing respira- 
tory symptoms without recourse to the needle. Children, 
like adults, dislike injections. 

Other medications could similarly be given this way. For 
example, I have carried out research on adult volunteers 
and found that nebulisers can provide fast and effective 
relief of pain using morphine? and preferably diamorphine. 
(Masters NJ. Unpublished findings.) This use might be of 
value in paediatric casualty departments where in shocked 
patients intramuscular injections have poor absorption and 
intravenous delivery may be technically difficult to 
achieve. Could this warrant further study? 
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Diagnosis of exocrine pancreatic 
insufficiency in cystic fibrosis by use of 
fluorescein dilaurate test 


Sir, 


Prefessor Cuschieri and colleagues suggest that use of 
fluorescein dilaurate in an oral pancreatic function test 
mey, by detecting different levels of pancreatic function, 
differentiate between patients with cystic fibrosis whe do 
no! require exogenous enzyme supplementation and those 
who do.’ The authors also propose the fluorescein dila- 
urate test as a screening test for pancreatic insufficiency to 
recuce the number of false positive diagnoses of cystic 
fibrosis. Examination of their data leaves me sceptical of 
these claims made on behalf of the test. for the following 
reesons. 


(1) The implicit suggestion in this paper, that positive 
correlation of fluorescein dilaurate test result with 
faecal chymotrypsin value indicates this test to be 
semi-quantitalive in assessing pancreatic function, Is 
unsupported; | know of no evidence that faecal 
chymotrypsin correlates well with more direct 
measurements of exocrine state. Had faecal chymo- 
trypsin values from the control group been pre- 
sented, F suspect the overall correlation between 
faecal chymotrypsin and fluorescein dilaurate test 
result would have been very poor. 

i2) The authors chose a cut off point of 20 for the 
fluorescein dilaurate test result, above which level 
gross pancreatic hypofunction was held to be ex- 
cluded. A single patient with cystic fibrosis had a 
urinary fluorescein dilaurate value above this figure 
but also experienced no change in bowel habit once 
enzyme supplements were withdrawn. H, on further 
investigation, this patient was confirmed to have 
pancreatic sufficiency, the fluorescein dilaurate 
test as a sereening test for pancreatic disease would 
scem to be no more sensitive than a clinical history 
of steatorrhoea. Hf. on the other hand. this same 
patient was shown indeed to have pancreatic insulli- 
ctency the fluorescein dilaurate test would have 
proved to be less sensitive than a simple measure- 
ment of faecal chymotrypsin, low in all the group 
with cystic fibrosis. 

63) We are told little about the controls other than that 
they were healthy. The fluorescein dilaurate test 
results show a very wide scatter (13-2-62-2), with 
three of the 15 giving values of 20 or below-—that is, 
by the authors’ criteria, indication for further 
investigation of pancreatic function. Used as a 
screening test for pancreatic disease, 20% false posi- 
tive results give a specificity of only 80%. E wonder if 
the faecal chymotrypsin values in controls might 
have proved considerably more specific? 


A simple. non-invasive test of pancreatic function with 
bosh high sensitivity (positivity in disease) and high 
specificity (negativity in absence of disease) together with 
the ability to delineate degrees of functional capacity must 
be considered yet to be found. 
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Recurrent neural tube defects, risk 
factors and vitamins 


Su, 

Wild and her colleagues conclude that the highly signifi- 
cant difference in recurrence rates of neural tube defects 
between mothers who took periconceptual vitamins and. 
those who did not. in the study reported by Smithells and 
his colleagues, was due to vitamin supplementation.’ They 
argue this on the basis that no significant confounding was 
found with certain factors such as social class or im- 
mediately prior miscarriage. 

There are two problems with the paper. The first 
problem is that statistical re-analysis of the existing data 
cannot overcome bias that may have been introduced 
through patients preseating themselves and complying 
with supplementation being, in any case, at a relatively low 
risk of having a neural tube defect pregnancy. Allowing for 
known confounding factors cannot, of course. avoid bias 
from unknown ones. Although the authors conclude that 
bias from unknown confounding factors is unlikely to be of 
importance, we believe that in this particular instance it 
may have been critical. Most cases of neural tube defects, 
including recurrences, cannot be predicted by known 
means, indicating that the main risk factors are still 
unrecognised and could therefore exert a substantial 
confounding effect. Also adjusting for certain variables 
that migi be confounding factors, but in fact were not, 
and then showing that adjustment for these variables did 
not alter the magnitude of the association is uninformative. 
It does not alter the strength of the evidence concerning 
Whether the association was causal or due to bias. 

The second problem relates to social class, and this has 
been the subject of previous publications. ™” One of us, 
with Professor Polani. has shown that some bias was 
introduced because. as expected. women in the vitamin 
supplementation group who took extra vitamins tended to 
be of higher social class than women who did not; they 
were also, by virtue of their social class, less likely to have 
a further pregnancy associated with a neural tube defect. 
We used data from the first cohort of pregnancies in the 
vitamin supplementation study conducted by Smithells and 
his colleagues. In a letter replying to our paper they said 
that if data from both the first and second cohorts were 
aggregated no social class confounding was evident (the 
conclusion that Wild amd her colleagues reach again in 
their present paper). Our response to the letter still 
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applies—namely, that for there to be no bias in the first 
and second cohorts combined, women of relatively high 
social class in the second cohort must have had a high risk 
of neural tube defect recurrence, a surprising result that is 
contrary to knowledge of the epidemiology of the disorder. 
Indeed, the opposite effects in the two cohorts are 
extremely unlikely to have arisen! by chance. The relative 
risk of having a neural tube defect pregnancy for ‘low’ 
social class women compared with ‘high’ social class 
women was 2-98 in the first cohort and 0-19 in the second, 
after . allowing for supplementation (p=4-003). This 
apparently inconsistent result between the two parts of the 
study needs to be explained .befpre it can be concluded 
that, on-average, social class- Was not related to neural tube 
defects and so could not have 
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SIMON G THOMPSON 
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NICHOLAS WALD 
St Bartholomew's 


Drs Wild and Sheppard and Professor Smithells comment: 


The points raised by Professor Wald and Dr Thompson 
have been raised and responded to in the papers they cite 
and elsewhere. Further reiteration would not be helpful, 
but we must again refute their inaccurate statement that 
our observations on social class and recurrence of neural 
tube defects are ‘contrary to knowledge of the epidemi- 
ology of the disorder’. We are aware of only one published 
study of recurrerice of neural tubg defects by social class.! 

This showed a lower recurrence rate in classes I + II than 


in Ili + IV + V, but the differance was not significant.- 


' Wald and Thompson believe 
(for neural tube defects) are still unrecognised’ but are 
curiously _ reluctant to consider,|on the evidence, that 
Vitamins tight. be one of them) We quite understand, 
however, that Professor Wald is not open to persuasion in 
this matter ‘and we wish him all success in his own study. 


at ‘the main risk factors 


on the risk of recurrence of anencephalus and spina bifida. Dev 
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Plasma zinc concentrations in iron 
supplemented low birthweight infants 


Sir, 

We were interested to read the recent. paper by Salvioli et 
al on plasma zinc concentrations in iron supplemented 
infants.' It is indeed an interesting question whether low 
birthweight babies fed an tron fortified formula need 
additional iron. The authors conclude that they do, but we 
wonder whether a difference in mean haemoglobin of 9 g/l 
is important and whether a haemoglobin <110 g/l signifies 
anaemia in the first year of life. The study was not a 
randomised trial; one group received iron supplements for 
more than five months, whereas the other group had not 
received iron supplements for three months but could have 
previously for up to nine months. The authors also address 
the question of whether iron supplements influence plasma 
zinc concentrations and imply that plasma zinc concentra- 
tions reflect zinc state or nutrition. This is an incorrect 
assumption as plasma zinc is highly influenced by recent 
dietary intake, stress, the metabolic state of the patient, 
postnatal age, and a diurnal variation. It ts not mentioned 
when, in relation to feeds or iron supplements, the blood 
samples were taken. 

A ratio of inorganic iron:zinc greater than 2 has 
repeatedly been shown to influence zinc absorption. It is 
likely that the zinc absorption in their infants, who 
received iron and zinc in a 5:1 ratio, would have been 
reduced. Whether this is important, however, remains to 
be shown. We feel that it should be made clear that the 
authors were not studying zinc state or zinc absorption but ` 
only plasma zinc concentrations. The importance of their 
findings is unclear and surely does not reassure us that iron 
supplements do not influence zinc metabolism. 
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Dr Salvioli comments: 


The only purpose of our study was to determine whether 
administration of high supplemental iron to low birth- 
weight infants might result in zinc deficiency, as manifested 
by a decrease in plasma zinc. 

According to Yip et al, although serum zinc is not a 
reliable indicator of zinc nutrition in individuals, it 
probably provides useful information for . groups “of 
subjects.' 

Thus the equivalent plasma zinc concentrations found in 
two groups of low birthweight infants, comparable in all 
but the amount of iron supplement, reassures us that long 


term iron supplementation is not associated with evidence 
of campromised zinc nutrition, 

Concerning the question of whether low birthweight 
infarts fed low tron fortified formula need additional iron. 
we can state that the stopping of medicinal iron supple- 
mentation determines even after three months the negati- 


visaton of iron balance and a significant reduction of 


haemoglobin concentration, 
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Medical care in severe 
mental handicap 


Sir, 
Your leader in the June Archives is most timely.’ 

Under ‘Management issues’ the opening sentence is 
‘Commanity care for children with severe handicap is 
largely parent care’. This of course is totally true, and I 
thing we should underline that in a sense our first 
responsibility to these severely handicapped children is 
regular concern for the parents who do the caring. These 
parents work more hours than any professional is asked to 
do and carry loads that no professional would be asked to 
carre, 

Later. in the same paragraph. there ts reference to the 
fact that ‘there has been some debate as to whether parents 
should be persuaded to use such facilities -—that is. respite 
care, etc. 

May I suggest that we have an absolute obligation to 
persuade parents and indeed ‘sell the use of such facilities. 
Appropriately, our immediate response to the birth of a 
handicapped child is to press for bonding. and we have all 
noticed the large number of parent carers of the severely 
handicapped who become overprotective. Perhaps we 
should interpret this in terms of the parents following our 
advice about bonding too fully. 

Normal children take the initiative and spontaneously 
de-bond, but with the severely handicapped this does not 
happen and if there is to be any ‘real normalisation’ then 
the parent has to initiate the de-bonding. 

The deeply caring mother of the severely handicapped 
child sees her child as needing her more than any other 
child in the family and I believe needs specific help to see 
that: 

(z) the handicapped child will not take the initiative to 
de-bond: 

{bt} n is in the interest of the child for the parents to 
initmite de-bonding; 

(c) there is a major bonus for the parent who allows this 
to happen—within the context of respite care-—as she will 
also be looking after herself and thus be able to continue 
saring for the severely handicapped child. 
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The need to care for the parent carers and our need to 
‘sell the use of respite care, perhaps particularly in the 
preschool period, should perhaps be given an even higher 
profile. 
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Bereaved parents and the ethics of 
neonatal care 


Sir. 

Two articles in a recent Archives are complementary and 
deserve comment. Newton, Bergin, and Knowles tell of 
the benefit to bereaved parents and insight gained by staff 
on meeting to discuss a child’s death.' This is a lead for all 
who care for dying children. Those who offer to see the 
parents ef babics such as those described by Bissenden” 
find that what paediatricians deem to be poor quality lives 
parents perceive as having unique value. 

The ‘overall moral view” of our society is neither 
consistent nor inspiring. Whether we consider abortion on 
demand or provision for the mentally ill and elderly, 
expediency dominates but is no guide for us. H, instead, we 
as a profession were to hold an unshakeable regard for 
life’s value, this need not always mean the full parade of 
the machinery of hife support but would always mean trying 
to improve the quality of life (for both baby and parents) 
by being ready to offer palliative and terminal care. To 
agree to abolish the phrase ‘non-treatment group’, rather 
than agreeing to abolish any babies, would clarify the 
important moral distinction that does exist between 
stopping aggressive treatment and killing. When this is 
clear to the parents bereavement interviews go better, 
When we make it clear to the public we may start to 
influence society's views rather than being insidiously 
swayed by them. 
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Neonatal tuberculosis 
SH, 


Wo were interested to read the short report by Bate. 
Sinclair, and Robinson as it reminded us of a similar case, 
previously unreported. seen by us some years ago. 

A baby girl was delivered by forceps at 36 weeks’ 
gestation to a 19 year old married primigravida, who was a 
Spanish hotel waitress. After a normal pregnancy she was 
an emergency admission with what seemed initially to be a 
pyogenic meningitis but was subsequently shown to be 
tuberculous meningitis, although culture for acid fast 
bacilli yielded negative results. Her uncle had almost 
certainly died from pulmonary tuberculosis. 

The baby was separated from her mother at birth in 
good condition but became jaundiced. with a maximum 
serum bilirubin concentration of 190 umol/! on the fourth 
day. She failed to thrive, developing a series of staphylo- 


corcal infections followed on the 22nd day by a fever of 
38°C (rectal). pulse 146-172/min, irregular resprrations 


averaging 48/min. fine crepitations in the right lower zone. 
and moderate hepatosplenomegaly, A chest x ray film 
(Figure) showed extensive coarse miliary mottling duc to 
miiary tuberculosis. Scanty acid fast bacilli were identified 
on the Zichl-Nielsen film from = gastric washings. and 
subsequently Mycobacterium tuberculosis was grown on 
culture. Treatment was started with rifampicin 10 mg/kg 
day. isoniazid 20 mg/day. and prednisone 2 mg/kg/day. and 
sne began to gain weight slowly and was well on discharge 
aged 5 months. soon afterwards e emigrating with her 
mether to Caracas, Venezuela, where she was thriving at 
13 months. 

Mur case shows features of the ‘aspiration’ 
congenital t tuberculosis, as opposed to the ‘hacma- 
togenous’ transplacental type. with infectec amniotic o 
enering the fetal lungs. probably intrapartum.’ and | 
unasual in that both mether and baby survived. 





Figure 
extensive bilateral miliary mottling due to miliary 
tuberculosis. 


Chest x ray of the case aged } month. showing 


type of 
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at the 
lymphoblastic 


Height measurements 
onset of acute 
leukaemia 


Sir, 

| read the article by Bessho with interest.’ The author 
could not find significant height differences between 
children with acute lymphocytic leukaemia and healthy 
controls matched for age and sex. This indeed is remark- 
able. for most other investigators have claimed the 
opposite. leukaemic children being taller than controls, 
Yet Tam not convinced for the following reasons. 

lt is known that severe illnesses result in a decrease in 
growth velocity. This has been investigated also in the case 
of acute lymphoblastic leukaemia by Berglund etal.” The 
authors observed a decrease in growth before the start of 
treatment and suggested that the disease might cause the 
growth failure. Most interestingly, they not only compared 
height with a reference group at the clinical onset of the 
disease but also one year before diagnosis. Thus I am 
sceptical indeed whether single measurements of body 
height at the instant of the diagnosis of acute lymphoblastic 
leukaemia in fact represent valid information on growth. 
Could pre-existing tall stature have vanished by the time of 
the diagnosis? 

Though the role of growth hormone us cited by Bessho is 
indeed questionable. there is overwhelming evidence for 
the involvement of polypeptide growth factors not only in 
the regulation of normal growth but also in growth factor 
initiated pathways in the aetiology of cancer. 

With respeet to this. child growth before the onset of 
acute lymphoblastic leukaemia is an interesting variable. 
Bessho’s patient group is very large and obviously well 
matched with its controls. would like to know more about 
the patients’ growth, not just mean height at one point of 
their development. 
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Dr Bessho comments: 


I do not deny the importance of information about the 
height and its velocity before the onset of acute lympho- 
blastic leukaemia and the possibility that height at diagno- 
sit may be a function of growth enhancing effect of possible 
growth factor(s) and growth suppressing effect of the 
disease (acute lymphoblastic leukaemia). It is worth while 
to confirm Dr Berglund’s finding as a phenomenon with a 
lacger scale study using an appropriate control. 

I do not think, however, that this kind of study could 
clarify the possible role of growth factor(s) on 
leakaemogenesis. No one can solve single equations with 
two or more variables. Obviously, other kinds of studies 
are required for this purpose. Therefore, I carefully 
avoided making the statement that growth hormone had 
nc role concerning leukaemogenesis. ` 


Congenital anomalies associated 
with hypothyroidism 


Sic, 
The report by Bamforth and colleagues of a high incidence 
of various extrathyroidal abnormalities associated with 
congenital hypothyroidism detected by neonatal screening’ 
is Df interest as it could throw new light on the aetiology of 
thzse congenital malformations. Such an assóciation had 
besn suggested in infants with congenital Hypothyroidism 
detected on the basis of clinical signs before the era of 
screening’? but has not been reported in large series of 
hypothyroid infants detected by screening.” 

in a series of infants similar to the one of Bamforth et al 
we could not confirm their findings: since the introduction 
of neonatal thyroid screening in Belgium in 1974, our own 
ceitre has screened 125 257 infants and has detected 41 
infants with persistent primary hypothyroidism—that is, an 
incidence of 1/3055. Only one of them had associated 
andmalies: this girl was born after a normal pregnancy of 
38 weeks’ gestation, with biological signs of severe 
congenital hypothyroidism (serum thyroid stimulating 
hormone at diagnosis 100 mU/ml and thyroxine 69 nmol/l). 
Thyroid scintigraphy showed a lingual thyroid gland. A 
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colic duplication, suspected by antenatal echography at 3- 
weeks’ gestation, was confirmed by operation on day 7. Ov. 
day 17 she had a second abdominal operation for _ 
hypertrophic pyloric stenosis. Further ages has beex 
uneventful. 

This association could be explained by a simpl 
embryological mechanism as the development of th 
thyroid gland (formation and migration between 16th ane 
50th day of fetal life) and the gut (formiation and rotatior 
of the umbilical loop between 21st and 42nd day) botL 
occur early in the fetal development. 

The question arises as to whether the results reported b- 
Bamforth et al could represent the consequences of loca: 
genetic or environmental factors, or both. As suggested b- 
the authors, this point deserves: further PV GeREAnCH: 
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Endotracheal suction techniques in- 
the neonate 


Sir, 
Endotracheal suction of the ventilated neonate is ofter 
performed during neonatal intensive care. It. has many-side 
effects, including hypoxia, increased blood pressure. anc 
cerebral blood flow velocity,' and atelectasis.” In ar 
attempt to reduce side effects many neonatal units have 
developed special procedures to achieve efficient suction ir 
the shortest possible time. In one such technique the 
endotracheal tube suction catheter is attached to a mucus 
extractor and suction applied by the nurse rather than by 
the traditional wall mounted vacuum source with a gauge. 
We investigated the pressures generated by this tech- 
nique. The patient end of a mucus extractor was attachec 
directly to a water manometer. Four doctors and six 
trained experienced nurses were then asked to apply 
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suction without being able to see the pressures generated. 
When asked to ‘suck out vigorously’ the maximum 
pressure achieved ranged between 84 and > 250 cm H,O, 
median 147 cm H20. Each individual was able to sustain 
his or her maximum pressure for approximately five 
seconds in the closed system, which allowed no gas flow 
once peak pressures were achieved. 

Each individual was informed of his maximum and then 
asked to suck at a pressure of 20 cm H3O, still blind to the 
manometer readings. The pressures generated ranged 
between 27 and 107 cm H,O, median 43-5 cm H,0. 
Participants then practised sucking out to 20 cm H,0 while 
watcaing the manometer before: repeating the suction 
blinc. They achieved pressures ranging from 9 to 52 cm 
H20, median 18 cm HO. None could maintain a constant 
pressure for more than ‘two nds in this situation. 

We therefore conclude that) endotracheal suction 
through a mucus extractor is inadvisable. Without a gauge 
certain individuals generated very high negative pressures 
when sucking vigorously. These high pressures could result 
in atelectasis and profound circulatory disturbances. At 
lower pressures, the variation în suction from second to 
second rendered suction inefficient and could lead to 
inadəquate maintenance of the airway. 
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Haemophilus influenzae type b 
meningitis resistant to ampicillin and 
chloramphenicol 


Sir, 

Guiscafré et al report two cases of meningitis due to 
Haemophilus influenzae type b resistant to ampicillin and 
chloramphenicol.! They comment on the recent emer- 
gence of such strains and recommend that third generation 
cephalosporins such as cefotaxime or latamoxef should be 
considered the drugs of choice in the treatment of such 
cases. 

We have reported* a 3 month old infant with H. 
influenzae type b meningitis and ventriculitis who failed to 
respond to high dosage of chloramphenicol, ampicillin, 
and latamoxef in succession but whose infection resolved 
promptly with the addition of rifampicin. We consider that 
rifampicin should be one of the drugs of choice in 
haemophilus meningitis not responding to chlorampheni- 
col and ampicillin, as resistance is rare and speed essential. 
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«sential Allergy. By N Mygind. Pp 480: 
6-50 paperback, Blackwell Scientific, 
86. 


i 

aere is ne shortage of books on allergy. 
je standerd multi-author volumes (often 
gmerican) tend to be good encyclopaedias 

it fail to give practical advice. “Essential 
Mlergy’, however, is a landmark not only 

the fielc of allergy but also in setting a 
»w standard for clarity of writing and 
esentaticn. The innovative format of this 
90k coulc well be applied to many other 
‘edical tapics. 

There ere 107 short mini chapters. 
stentially awkward subjects, most no- 
abiy immunological mechanisms, are pre- 

nted in beautifully lucid small and easily 
gestible parts. The layout, diagrams, 
ustrations, and tables are models of 

arity. The author has selected key refer- 
ices, given a short description of the 
mtent, and added his own helpful and 
itical remarks. These references appear 
small print near the end of the chapter, 

id each chapter concludes with a 
ammary. This structure means that the 
k will be useful to the student and 
yecialist alike, for it can be read at 
fferent ‘evels. I found it particularly 
seful to te able to refer to key research 
1d clinice studies that form the basis for 
irrent knowledge and practice. 

The con ent is as original as the layout. 
he mini chapters are divided into 12 
‘ctions, cn basic immunology, allergen 
wurces, the diagnosis of allergy, gastroin- 
stinal reections and food allergy, rhinitis, 
fe disease, skin disease, environmental 
trol and immunotherapy, systemic 
lergic reections, two sections on asthma, 
id one on other lung diseases. Through- 
it are nucnerous difficult areas and prac- 
zal problems that have never really been 
eli descr'bed before. In particular, the 
20k covers all the practical aspects of 
«atment -of atopic disease. The author 
‘scusses every form of treatment, so that 
itihistamznes, bronchodilators, corticos- 
roids, alErgen avoidance, and hyposensi- 
sation are all fully discussed. The author’s 
alanced tut critical approach is an invalu- 
Jle ingrecient. Thus, to take one of many 
xssible examples, the doctor looking for 
udance on how to treat atopic eczema 
ill find a particularly good account of 


, 


‘| 


t 


topical treatment as well as clear and 
balanced advice on the role of elimination 
diets and allergen avoidance. Indeed, the 
book is worth having just for its excellent 
description of the standard medical treat- 
ment of asthma, eczema, rhinitis, urticaria, 
and allergic conjunctivitis, all of which are 
more clearly presented here than in most 
paediatric textbooks. 

This magnificent book totally succeeds in 
its aim of being suitable for the student, 
postgraduate, and specialist alike. It is easy 
and enjoyable to read and is reasonably 
priced. I think it will also interest those 
who in the past have been put off by the 
indigestible nature of immunology and the 
hopelessly anecdotal nature of much cur- 
rent allergy practice. One subject not 
covered in this book is drug allergy. The 
difficulty of getting sound practical advice 
from colleagues on this complex topic is 
matched by a dearth of useful publications. 


T H DAVID 


Pediatric Respiratory Therapy. 3rd ed. By 
M D Lough, C F Doershuk, R C Stern. Pp 
300: £28-50 hardback. Blackwell Scientific 
Publications, 1985. 


The subject matter of this book ranges 
from the development of the respiratory 
system through various theoretical and 
practical aspects of neonatal and non- 
neonatal respiratory care to an analysis of 
the importance of pulmonary function and 
exercise tests. This is the third edition (the 
first was produced in 1973) and the con- 
siderable clarity of the text reflects this. 
The style is North American and the text 
appears to be specifically designed for 
paediatric respiratory therapists, who do 
not exist as a single entity on this side of the 
Atlantic. The authors attribute a consider- 
able portion of the -improvement in 
paediatric respiratory care in North Amer- 
ica to the formal organisation of respira- 
tory therapy services around such a person, 
It is an intensely practical book with plans 
of management, checklists, flow charts, 
guides to help in the choice of equipment 
such as endotracheal tubes, and normal 
ranges for respiratory function tests. I 
particularly liked its large section on 
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mechanical ventilation. There are roughly 
400 references and helpful suggestions-with 
regard to further reading at the ends cf the 
chapters. A modest index is present. 

There are a few negative features. Mist 
therapy is advocated more enthusiastxal-y 
than we would do in Britain. Details of 
instructions and equipment reflect: tke 
North American market from whick tke 
apparatus was purchased. There are >cca- 
sional lapses from firm management >lans 
as in the failure to advocate a definite plen 
in airway occlusion caused by a foreign 
body. Tuberculosis does not appear o be 
mentioned in the text or index. 

This is a book that should take its >lace 
(for reference) in the paediatric respirato-y 
ward or intensive care unit where the 
physiotherapist, nursing and physiolcgical 
measurement technicians, as well as the 
junior medical staff would find its highly 
practical approach of considerable wale. 
Perhaps the integration of practical 
paediatric respiratory therapy in the hands 
of an ancillary worker,.as assumed ia tkis 
text, might be usefully considered fcr the 
United Kingdom. 
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FLEMING CARSWELL 


Lysosomal Storage Diseases: Biochemical 
and Clinical Aspects. By R W E Watt: and 
D A E Gibbs. Pp 284: $35-00 hardbac:. 
Taylor and Francis, 1986. 


The biochemical background, classfica- 
tion, and presentation and clinical mamag=- 
ment of the lysosomal storage distases 
represent areas of difficulty for the average 
practising paediatrician. The stated a:m of 
the authors of this book is to give an ap o 
date account of this major topic, and in this 
objective they have succeeded admirbly. 
This is not a book to be purchased by «vey 
paediatrician in training nor indeed fcr the 
established paediatrician. It is, however, 
essential reading for anyone who is con- 
fronted with the practical managemen# ot a 
child suffering from a lysosomal storage 
disease. 

In this book is to be found a concBe 
review of the biochemical and gene“ic 
background to the disorders, which is then 
followed by detailed discussion o° tae 


ae 
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sphingolipidoses, the mucopolysacclar- - 
the glycoproteinoses, mucolipi- _ 


idoes, 
doses, together with acid lipase deficiency 
diseases and glycogenosis type H. 

The penultimate Chapter deals in a clear 
manner with the general approach to the 
treatment of lysosomal storage dis A 
the final chapter being a ‘Look to the 
Future’, 

Thoroughly recommended! 





A AYNSLEY-G 


A Classified Bibliography of Con 
Trials in Perinatal Medicine 1940-1984. 
Prepared by the National Perinatal 
Epidemiology Unit. Pp 414. Oxford 
University Press, 1985. 


This book is a directory of those perinatal 
research studies that have sought! to 
compare alternative care strategies 

have used randomisation to avoid] or 
minimise selection bias. The 2770 studies 
selected tnerefore represent the best guide 
to practice available from the published 
reports, and it is extremely useful to have 
the references brought together in this 
way. The classification and layout, an 
understocd, make it reasonably eas 
find the references dealing with any 
particular question. I am sure anyone 


working in the perinatal field will “| to 


have access to a copy. 
PRE i 


Handbook of Endocrine Tests in Ch n. 
Edited by I A Hughes. Pp 141: £9-95 
co 


ce 
to 


paperback. John Wright and Sons, 1986., 


The interest in paediatric endocrine condi- 


tions has steadily increased over r 


tent 


years, with a consequent increase in endoc- 
rine testing in children not only in special- 
ised endocrine units but in many general 
paediatric units and on occasions, with the 
older child, in mainly adult units. There is a 
bewildering array of tests available and 
therefore a clear need to limit and select 
the endocrine tests most appropriate for 


_ the individual child. 


This excellent book by Dr Hughes can 
truly be regarded as a handbook and fulfils 
a very great need on the paediatric ward 
and will be of great help to paediatric 
junior (and senior) medical staff. 

The introductory chapter is brief but 
discusses adequately the general principles 
of endocrine testing in children. The main 
body of the book consists of a description 
of the various endocrine tests applicable to 
each endocrine gland, with clear instruction 
about performing the test and then a much 
needed paragraph on interpretation of the 
results. This is followed for each endocrine 
gland by a series of case illustrations, with a 
short case history followed by relevant 
investigations and comment. The case 
illustrations are chosen to cover common 
clinical presentations in paediatric endo- 


crinology that may have similar clinical - 


features but the results of wisely chosen 
endocrine tests may suggest different 
diagnosis. 

The book is completed with an appendix 
of normal values for the various endocrine 
tests. 

I am sure that this handbook will be 
popular and should find a place on every 
paediatric ward likely to be involved in 
endocrine testing. The format of the book 
should appeal to junior paediatric staff and 
also undergraduate medical students. En- 
docrinology is a rapidly changing field and 
perhaps a further edition will be necessary 
in a few years to update the various 
endocrine tests and protocols. 


C S SMITH 
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Hyperkinetic Children: A Neuropsych 
social Approach. By C K Conners ar 
K C Wells. Pp 160: £10-00 paperbac 
£19-75 hardback. Sage Publications, 198 


This book is number seven in a worthwhi 
series on developmental psychology ar 
psychiatry. It is written by Americans wł 
have contributed extensively to the fiel: 
In particular, the Conners scale is a wide 
used instrument for assessing hype 
activity. 

The book provides a comprehensive ar 
readable account from a mid-Atlantic pes» 
pective of research and theoretical aspec. 
It is directed towards the researcher 
child psychopathology rather than tl 
paediatrician interested in keeping up 
date in the field. 

NAOMI RICHM/ 
Childhood Asthma—What it is and whos 
you can do. By N Buchanan. Pp 9 
paperback. Doubleday,’ 1986. 


This paperback book is intended to expla’ 
asthma to parents who are concerned the 
child might have the condition and to tho» 
parents seeking further information aborm 
their child’s diagnosis. The topics covere. 
are admirably wide, but some suffer froi 
lack of detail. Written in Australia, < 
lowance has to be made for giving on 
addresses of Antipodean Asthma Associ: 
tions, but the importance of maintenan 
treatment could be amplified and it shou 
be explained that beclomethasone is 
steroid. 

The friendly type and pleasant illustr. 
tions made easy reading, while the conten 
are reassuring and ‘middle of the roads 
Parents looking for general information < 
asthma would find it in this book and mz 
be prompted to ask more questions of the 
doctor after reading it. 
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The first edition of HOW TO DO IT 
proved a useful and popular guide to 
those things a doctor needs to know 
but is rarely taught: how to take an 
examination, how to interview and be 
interviewed, how to plan and write up 
research, how to behave at an inquest. 
In the second edition the original 
chapters have been expanded and 
updated, and there are several more 
chapters on new challenges—choosing 
a computer, flying, holding a press 
conference—and on some older ones 
not included in the first edition— 
assessing a job, dealing with a publisher. 


Q 
SEn oA 


G 


ZE 
© 
= 
=- 
O 
w 
O 
5 
g? 
m 
© 
Q 
< 
O 
m 
2 
= 
Q 
Z 


Price: Inland £6.95 

Abroad £9.00/U5AS14.50 
BMA members: Inland £6.45 
Abroad £8.50/U54A$13.50 
including postage, by air 
abroad 


Please quote 
membership number 


Payment must be enclosed 
with order 


Order from 

The Publishing Manager 
British Medical Journal 
BMA House, Tavistock Square 
London WCIH 9JR 

or any leading bookseller 


HOW TO DO IT 








“Value judgements about food are being made all the time. . . 
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... they are nearly always 
subjective and usually 
wrong.” A Stewart 
Truswell, Boden professor 
of human nutrition at the 
University of Sydney, 
separates fact from fallacy in 
the ABC of Nutrition, a 
collection of articles from 
the BM7. This illustrated 
guide offers the general 
medical reader a refreshingly 
down to earth review of all 
aspects of nutrition — from 
anorexia to obesity, infant 
feeding to dietary guides for 
the elderly — and will be 
invaluable for any doctor 
wishing to advise his patients 
about their eating habits (or 
even to revise his own). 
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PAEDIATRIC TITLES FROM BUTTERWORTHS 





Edited by J A Black, MD, FRCP 
Formerly Consultant Pacdiatrician, Children’s Hospital. Sheffield and Jessop Hospital for Women, Sheffield, 
Clinical Teacher, University of Sheffield 
One of the main aims of the first edition was to make available to the general paediatrician the practice of the best specialist 
units. The second edition nat only expanda on the wealth of information and sound doctrine laid down in the earlier work 
but also remains truc to Hs original aims. 

This latest edition includes new chapters on solvent abuse, abdominal ascarasis. viral haemorrhagic fevers, brain death and 
acute liver failure. Tt will be essential reading not only for general paediatricians but for all those involved in the day-to-day 
medical care of children. 

Review of first edition 
‘itis a front line book, for the acute paediatric ward... Every paediatric department should have it.” 
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Anaemia and child health surveillance 


MzInutrition has been a world problem throughout 
the ages. Lloyd de Mause, in his ‘History of 
childhood’, traced many of the causes from the 
deliberate restriction of food for young Spartans in 
Plutarch’s time to make them physically strong to 
prolonged breast feeding with late weaning at | to 3 
yecrs of age in the 12th and 13th centuries and the 
usé of starvation for punishment in the Middle 
Ages—a form of child abuse.! 

in more recent times Helen Mackay in her 
classical paper in the third volume of this journal, 
published in 1928, studying 541 east London infants, 
with 2561 haemoglobin estimations, wrote that ‘the 
great majority of artificially fed and many breast fed 
infants in London are anaemic’’—due to iron 
deficiency. There have been hundreds of subsequent 
studies. Edward de Lobo, in another classical book, 
found that 24% of 3 year olds born to mothers of 
Asan origin in Luton had a haemoglobin concentra- 
tiom of less than 70% (10 g/dl).? He ascribed this to 
prclonged milk feeding, delayed weaning, and other 
die:ary customs. Willoughby wrote that a Glasgow 
survey of 6 to 24 month old children revealed a mild 
degree of iron deficiency in 32% of unselected 
chidren but in 59% of children in Glasgow slums.” 

There are many reasons for the worldwide prob- 
ler of anaemia. Apart trom poverty, they include 
chronic infection, especially malaria, worms, and 
chronic dysentery; sickling (especially American 
negroes. Indians, and Africans): thalassaemia (in 
Mediterranean countries, India, and Sri Lanka); 
anc glucose-6-phosphate deficiency (Greece, Tur- 
key, China, India, and Philippines). Lead poison- 
ing by contamination of water and foodstuffs and 
other sources, is a worldwide cause of anaemia: de 
Loko notes that whereas lead sulphide in eyelid 
cos netic paste (Surma) favoured in Bangladesh and 
elsewhere is banned in Britain, travellers returning 
from Bangladesh may bring it into Britain; the lead 
is vashed by tears into the eyes, nose, and thence 
the alimentary tract, where it is absorbed.* Many 
studies have reviewed the risks of nutritional de- 
ficiency in vegetarian and especially the Zen macro- 
bioric diet used by families of Asian origin.” 

kon deficiency may also result from maternal 
ana2mia in pregnancy, preterm delivery, infections, 
makibsorption, general malnutrition, and blood 


dd 


loss. Several papers have ascribed iron deficiency 
anaemia to blood loss resulting from allergy to cow’s 
milk protein,“ ” and it was suggested that pasteurised 
cow's milk should not be given in the first six 
months. In one study occult gastrointestinal bleed- 
ing due to allergy to cow's milk protein was found in 
17 of 34 infants with iron deficiency anaemia.'° 
Blood loss may result, among other causes, from 
haemophilia, ulcerative colitis, hiatus hernia, or the 
use of aspirin and non-steroidal anti-inflammatory 
drugs. 

The relation of iron deficiency to pica is uncer- 
tain. Pica is usually associated with iron deficiency, 
but it is not clear which is the primary cause!! 
and there | are commonly other socioeconomic 
problems,'* such as neglect, child abuse, and abnor- 
mal parent-child relationships. 

The effects of malnutrition and iron deficiency 
have been extensively studied in Mexico, South 
America, United States, South Africa, and Britain. 
I have very briefly summarised this work.!° 

Iron deficiency has been said to cause defective 
physical growth, a4 delayed language and cognitive 
development. 'S the attention deficit disorder. im- 
paired school performance and clumsiness,'” and 
immunological deficiency with consequent repeated 
infections.” Two reports from Java and Egypt 
found that iron deficiency reduced the learning 
problem solving capacity of schoolchildren." Oski, 
in a series of papers in several American journals, 
showed the effect of treatment with iron on impro- 
ving the behaviour, cognitive skills. and general 
learning ability in children with iron deficiency.” 

In this journal a Birmingham team in a well 
planned double blind randomised intervention study 
of 97 toddlers with anaemia showed a direct relation 
between iron deficiency, physical growth, and de- 
layed psychomotor development.” Their conclu- 
sion, that while iron deficiency may not be the only 
factor in impaired development it can at least be 
readily identified and treated, is important and 
deserves emphasis. They add that child health clinics 
should hunt out and treat iron deficiency in toddlers 
as part of routine child health surveillance. I would 
add that all child health clinics should have facilities 
for haemoglobin estimation. It is difficult to detect 
minor but important degrees of anaemia in coloured 
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children, and haemoglobin estimation should be 
routine in all of them—and in those of ethnic 
backgrounds at special risk of anaemia, nutritional 
or otherwise. 

Anaemia is common in |jmothers, and their 
anaemia may have an appreciable effect on their 
well being and tolerance of their children’s difficult 
behaviour. It is not enough to treat a child’s anaemia 
and ignore that of his ther. Child health 
surveillance should includé checking for anaemia. 
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Sweetness 


Sweetness is one of the so called basic tastes (sweet, 
scur, salty, and bitter). In other words, it is a 
gustatory experience devoid of olfactory or tactile 
elzments. It is also hedonic and attractive, though 
this depends on the concentration of stimulus. 
A.though most of the sweetness in our foods comes 
from sugars (mainly sucrose) and is therefore 
nutritive.’ several thousand non-nutritive sweet- 
erers are now known. The advantage of these latter 
types is that they are metabolically inert or make an 
urnappreciable contribution to energy intake. Some 
are therefore useful for dietetic or diabetic foods 
ard cheap (on a sweetness basis) compared with 
sugars. Sugars provide bulk, mouthfeel. and osmotic 
pressure (preservation power) in foods. Legally in 
the United Kingdom, however, they are not classed 
as sweeteners. Since 1983, 12 sweeteners are per- 
m ssible for use in foods in the UK (Table).° divided 
inco six bulk sweeteners—that is, hydrogenated 
Sugars or polyols—and six intense sweeteners. 

The bulk sweeteners are of about the same 
sweetness as sucrose (cane or beet sugar), whereas 
the intense sweeteners are hundreds or thousands of 
times sweeter. A recent conference organised by the 
International Life Sciences Institute at Geneva was 
devoted to chemical, psychophysical, sociological, 
ard dietary aspects of sweetness.” 

Although the desire for sweetness may be en- 
henced by overindulgence, the recognition of sweet- 
ness and its enjoyment seem to be inborn. Steiner 
hes shown that human neonates display positive 
that is, a relaxed satisfied smile—gustofacial re- 
sponses to sweet solutions, easily distinguished from 
the responses to other basic tastes. Engen points 
oit that taste elicits more definite hedonic reactions 
than odour in the newborn, as well as in children 3-7 
years old.” It is therefore interesting that. although 
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Table Permitied sweeteners’ in the United Kingdom 
Sweetener 

[Htertse Bulk 


Ace sulphame potassium Hydrogenated glucose syrup 


Aspartame Isomat 
Saccharin Mannitol 
Soum saccharin Sarbital 
Cabium saccharin Sorbitol syrup 
The uminin Xyvitol 





“A partame should nor be used far patients with phenyl ketonurta. 


oltaction is normally considered to dominate gusta- 
tion in flavour perception, taste may emerge as an 
earlier signal of what is ingested. The human infant 
is equipped with taste buds located in the tongue 
papillae, and some of these are present on the lips 
and even possibly the cheeks. Those outside the ora: 
cavity decline in numbers with increasing age of the 
child; each taste bud contains about 60 taste cells or 
which are the receptors for all four basic tastes. The 
life span of a taste cell is about 10 days. 


Basic chemoreception of sweetness 


Sweet molecules may be either large—for example. 
proteins—or quite small—for example, simple 
sugars, polyols, and certain salts. Sweetness is 
thought to originate in a loose binding of a stimulus 
molecule with a receptor. The mechanism of this 
binding is probably hydrogen bonding, and a Steric 
fit of stimulus molecule with receptor protein ts 
therefore a necessary preliminary to an action 
potential at the taste neuron. Why then do some 
molecules taste thousands of times sweeter than the 
sugars? The answer seems to be twofold. Either the 
intense sweeteners accede better to receptors o7 
they activate them better due to a better steric fit. 
Some molecules may do both, and a clue to the 
mechanism of sweet chemoreception comes from 
the peculiar temporal properties of many modern 
sweeteners. Intensely sweet substances seem to have 
a slow ‘reaction time’—that is, time for the onset of 
sweetness sensation after tasting—and a pro- 
nounced persistence—that is, duration of taste. The 
new protein sweetener thaumatin, for example. 
persists for 20 minutes or more and is therefore 
quite unsuitable for use in foods as such. On the 
other hand, it is useful in chewing gum and 
medicines where it effectively masks other um 
pleasant tastes. Persistence is very likely caused by 
some organised, localised concentration of stimulus 
molecules at or near to the receptor. The sensation 
of sweetness then continues until these localisec 
concentrations become depleted.°’ It is now 
possible to enhance, abolish, or create sweetness by 
chemical means. Hough has recently reviewed the 
chemical aspects of sweetness.” 


Taste dysfunction and disease 


Henkin et al have listed four major causes of taste 
: A aes 
(and smell) dysfunction.” These are: 
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(1) post-influenza hyposmia (diminished sense of 
smell) and hypogeusia (diminished sense of 


taste); 
(2) idiopathic causes: 
(3) head injury: 


(4) allergic rhinitis. 


Evidently hypogeusia or hyposmia, or both, are 
much more common in hospital patients (19% of 
sample tested) than dysgeusia and dysosmia (2%). 
Environmental or accidental exposure to lead, 
mercury, or cadmium (or parenteral administration 
of gold) has been associated with hypogeusia, 
hyposmia, dysgeusia, or dysosmia. Also decreased 
concentrations of body metals, particularly zinc and 
copper, produce severely decreased or disordered 
taste and smell function. It is therefore not surpris- 
ing that the copper depleting drug, p-penicillamine, 
has been associated with the production of 
hypogeusia. Thiol containing compounds tend to 
inhibit taste function but several metal ions—for 
example, zinc, nickel. and copper—tend to restore 
normal functions. L-Histidine has the same effect. 
About two thirds of patients with taste and smell 
dysfunction do not exhibit zinc deficiency but, in 
those who do, treatment is consistent and takes 
about two to four months, After treatment with zinc 
patients usually note that the taste and smell of 
sweet is the first quality that returns toward normal 
and bitter is the last. In patients who do not exhibit 
zinc deficiency cyclic adenosine monophosphate 
may be involved. It is found that the drug amino- 
phylline improves their hyposmia but not their 
hypogeusia. 

Cancer may affect taste function, and Galili has 
pointed out that oropharyngeal irradiation produces 
devastating effects on gustatory perception.'” 
Patients with diabetes also show impairment of 
taste, though this may be specific for some sugars. 
Thus high thresholds for p-glucose and p-fructose 
have been reported in adult onset diabetes. This 
does not seem to affect other basic tastes, and there 
is apparently no correlation between blood glucose 
concentrations and taste thresholds. Patients with 
juvenile onset diabetes display no taste alterations. '” 
Patients with renal and hepatic disease may also 
show taste dysfunction, and sweet nauseation may 
create a problem in such patients when an essential 
soluble energy intake is demanded. In these cases 
glucose syrups’! constitute a useful alternative to 


sugar and their hydrogenated forms’ are of particu- 
lar value to patients with diabetes. 


Conclusions 


Sweetness seems to be an inborn pleasurable sensa- 
tion, but the chemical basis of sweetness is not vet 
fully understood. Medical observation of taste dys- 
function will contribute to our understanding in this 
respect and, in the meantime, 12 sweeteners are 
permitted for general use in the UK, in addition to 
the normal food sugars, which are not regulated. 
Although many different classes of chemical cause 
sweetness, there is probably one molecular feature (a 
‘glycophore’) common to them all. Elucidation of 
the mechanism of taste chemoreception is the goal 
in this field of endeavour. 
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Investigation of urinary tract infection 


Urinary tract infection (UTI) is common in infants 
and children, with a female preponderance except 
during early infancy. In an early report from 
University College Hospital, London, Smellie et al 
described 200 consecutively diagnosed children with 
UTI, of whom 188 were investigated by excretory 
urography or micturating (voiding) cystourethro- 
graphy, or both.' Abnormalities were found in 50% 
and in 35% of those investigated after their first 
infection (47% of boys and 28% of girls). In 
particular, chronic atrophic pyelonephritis (also 
known as reflux nephropathy) was detected in 13% 
of the total; nearly all of these were children with 
bacteriologically proven or clinically suspected mul- 
tiple infections. Vesicoureteric reflux was present in 
30% of investigated subjects but in 85% of those 
with pyelonephritis. 

Numerous subsequent studies have yielded results 
in broad agreement with these, the proportion of 
investigated children showing some radiological 
abnormality ranging from 25 to 55% and the 
proportion with reflux from 8 to 52%.%” In at least 
some of these reports a significant proportion of 
patients had severe (grade HH or IV} reflux in the 
presence of a normal urogram, suggesting that 
excretory urography alone is not adequate to 
exclude serious and potentially damaging reflux.” °°? 
Since reflux is known to be causally associated with 
pyelonephritis, which itself is responsible for roughly 
20% of the end stage renal failure occurring in 
European patients below 40 years of age.'" the early 
identification of patients with reflux might offer the 
prospect of preventing some cases of renal failure by 
appropriate intervention before severe damage has 
occurred. In addition, some children with UTI have 
surgically correctable abnormalities of the urinary 
tract other than reflux, such as obstructive lesions or 
urolithiasis. 

On the basis of arguments such as these, many 
paediatricians, radiologists, and urologists teach 
that all children in whom urinary tract infection has 
been diagnosed should be studied by urography and 
micturating cystourethrography, the former inves- 
tigation being necessary to obtain a reliable image of 
the renal parenchyma, collecting systems, and lower 
urinary tract and the latter to identify or exclude 
reflux; 7” this view seems to be particularly widely 
held in North America. A few advocate cystoscopy 
in most or all children,” but this is certainly a 
minority opinion. Some experts in the United 


Kingdom recommend a slightly less invasive 
approach, in which all children are investigated by 
urography (or, in appropriately equipped centres, 
abdominal ultrasonography supplemented when 
necessary by a renal radionuclide scan), micturating 
cystourethrography being reserved for children 
under 5 and patients in whom the urogram is 
abnormal or who suffer from frequent in- 
fections.!'! © 

When experts disagree, how is the non-specialist 
to decide how to investigate the rather small number 
of children presenting to him with urinary infection 
(two a year for the average general practitioner’)? 
To answer this question, it is necessary to under- 
stand the capabilities and, perhaps more import- 
antiy, the limitations of the various techniques 
available for imaging the urinary tract, so that the 
most appropriate test or combination of tests can be 
selected to suit the needs of each particular case. 


Excretory urography 


Urography is a powerful diagnostic tool that is 
capable of providing useful information about the 
entire urinary tract except the urethra. The early 
(nephrogram) phase shows the renal outlines accur- 
ately, particularly when enhanced by tomography, 
and the slightly later pyelogram phase delineates the 
pelvicalyceal (collecting) systems. The coarse, 
irregular scarring of pyelonephritis is readily recog- 
nisable, as is the clubbed calyx and overlying cortical 
thinning of the more localised lesion. Radio-opaque 
stones will be seen on the control (‘scout’) film taken 
before contrast is injected and radiolucent ones 
show as filling defects. Obstructive lesions such as 
obstruction of the pelviureteric junction are well 
shown. In the non-obstructed system renal function 
can be roughly inferred from the amount of opaci- 
fied tissue seen on the nephrogram, in the absence 
of diffuse parenchymal disease such as glomeru- 
lonephritis. A reasonably good view of the ureters 
and bladder (full and empty) can normally be 
obtained. 

Advantages of the method include familiarity, 
universal availability, and relative ease of inter- 
pretation. No other technique approaches it for 
showing the fine detail of the pelvicalyceal systems. 
It probably gives a better overall view of the renal 
tract than any other single test. Disadvantages 
include the risk of allergic reactions to contrast 
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material, which although usually minor can be 
serious, the discomfort of the injection in small 
children, the entailed irradiation of the gonads, 
especially in girls, and the dependence of the image 
quality on good renal function. Satisfactory pictures 
are difficult to obtain in infants and especially the 
newborn. Small renal scars may be missed if located 
on the anterior or posterior aspect of the kidney. 


Micturating (voiding) cystourethrography 


Micturating cystourethrography is the definitive 
method of showing reflux. It also gives a higher 
definition view of the bladder than excretory urog- 
raphy, and in the lateral projection, during voiding, 
the urethra is outlined in its full length. Its major 
disadvantage is the need for bladder catheterisation, 
which is at best uncomfortable and at worst painful 
and frightening for small children. Infection may be 
introduced, and urethral strictures occassionally 
occur. Nine serious complications of micturating 
cystourethrography, including two fatalities, were 
described in a series of 14 children reported by 
McAlister.'* As with excretory urography, some 
gonadal irradiation is inevitable, especially in girls. 
It is by far the most unpopular procedure with 
patients and their parents of those considered here, 


Ultrasonography 


Given up to date equipment and an experienced 
operator, real time ultrasonography ts capable of 
providing a great deal of information about the 
anatomy of the renal tract. The shape. size, and 
position of the kidneys can be determined with 
considerable accuracy; the degree of ‘echogenicity’ 
of the renal substance and the sharpness of corti- 
comedullary differentiation provide a clue to the 
presence of diffuse parenchymal disease or damage. 
Hydronephrosis, hydroureter, and ureterocoeles are 
reliably detected, as are bladder dilatation, trabe- 
culation, and other relatively gross abnormalities of 
the lower urinary tract. Intermittent dilatation of the 
retrovesical ureter sometimes provides a clue to the 
presence of reflux, although normal ultrasonog- 
raphy certainly does not exclude it. Nor does it 
exclude focal scarring of the kidneys due to 
pyelonephritis, '© and of course it provides no 
information at all about renal function. More than 
any other test mentioned in this annotation, it is 
‘driver dependent’; at the time of writing, relatively 
few ultrasonographers have the skill, the experi- 
ence, or perhaps even the aptitude to obtain the 
maximum available information from renal ultraso- 
nography, while the pictures themselves are difficult 
for the clinician to evaluate. 


+ * + a ? 
"To dimercaptosuccinic acid (DMSA) scan’ 


DMSA is selectively taken up by renal tubular 
epithelial cells; the emitted y radiation can be used 
to form an ‘autoradiograph’ of the kidneys, which 
shows the renal outlines fairly well, though lacking 
the definition of urography. 

Focal scars shows as ‘holes’ in the image and will 
be seen even if they are on the anterior or posterior 
aspect of the kidney, where they are likely to be 
missed by urography. By counting the radioactivity 
over the two kidneys, differential renal function can 
be estimated. The radiation dose is less than 
urography; reactions to the radionuclide are not 
seen. The technique gives good results in neonates. 


mTe diethylenetriamine penta-acetic acid (DTPA) 
scan 


DTPA is handled by the kidney in the same manner 
as inulin and radiocontrast media such as sodium 
iothalamate (Conray)—that is, it is filtered at the 
glomerulus and neither secreted nor reabsorbed by 
the tubule. When labelled it therefore provides a 
‘radionuclide urogram’ with the same phases as an 
excretory urogram: nephrogram followed by pyelo- 
gram with subsequent visualisation of ureters and 
bladder. Image definition is considerably inferior to 
that obtainable by urography, and the technique 
should not be considered a substitute for it; by 
measuring the transit time of radioactivity from 
kidneys to bladder after an injection of furosemide, 
however, obstructive lesions such as obstruction of 
the pelviureteric junction can be detected. In a 
further refinement a secondary rise in activity over 
one or both kidneys coinciding either with bladder 
emptying or with a fall in bladder activity without 
emptying may indicate the presence of reflux. 


Purpose of imaging studies 


Before submitting a patient to a series of imaging 
studies of the urinary tract, it is desirable to define 
as precisely as possible the questions being asked. 
These will vary according to the age of the patient 
and the clinical circumstances of the case. They may 
include any or all of the following: 

(i) Is there any structural abnormality of the 
urinary tract—for example, obstruction, stone, 
neuropathic bladder—predisposing to infection? 

(ii) Are the kidneys scarred as a result of the 
infection(s)? 

(iii) Is reflux present and, if so, in what degree of 
severity? 

Questions (1) and (i1) can be answered with a high 
degree of reliability either by excretory urography 


or by a combination of plain abdominal x ray, 
ultrasonography, and DMSA scan. Question (iii) 
can only be definitively answered by micturating 
cystourethrography, and it is here that controversy 
is centred: how important is it to detect every case of 
reflux after the first infection? Put another way: is it 
possible to identify subgroups of children in whom 
the risk of progressive renal damage after their first 
UTI is so low that cystourethrography can safely be 
omitted? I believe that with a proper understanding 
of the epidemiology of chronic atrophic pyelone- 
phritis, it can. 

It is difficult to know the exact incidence of UTI in 
childhood, but a reasonable approximation may be 
made from a carefully conducted, prospective study 
published by Dickinson in 1979. He found that 
31/1000 girls and 1-7/1000 boys, aged 0-14. pre- 
sented annually with a first, symptomatic UTI; this 
corresponds to about 780 and 430 per million total 
population, respectively. (An incidental, but very 
important, observation made in the same study was 
that only 18% of children with dysuria and fre- 
quency proved to have infected urine, a figure that 
agrees well with the 24% reported earlier by 
Williams;'* this underlines the importance of 
properly establishing the diagnosis at the first 
presentation, the single most effective way of 
avoiding unnecessary investigations.) The incidence 
of end stage renal failure due to pyelonephritis in 
Europeans aged <40 is in the region of 4-5 per 
million. ' Combining these figures, the crude risk of 
renal failure due to pyelonephritis in children 
presenting with a first, symptomatic UTI is not 
greater than 1% for boys and 0-5% for girls. This 
must be an overestimate of the true risk as it 
assumes that detection and investigation of child- 
hood UTI would have identified all those who would 
later develop renal failure, which is not the case; 
many adult patients with end stage pyelonephritis 
have no history of symptomatic UTI in childhood. 
Furthermore, identification of those with reflux with 
or without pyelonephritis in childhood would not 
necessarily lead to prevention of renal failure in all 
cases. It is therefore likely that the probability that 
any individual child with a first UTI is at risk from 
potentially preventable renal failure is of the order 
of one in several hundred. 

The bulk of the published evidence suggests that 
scarring is present at the first investigation in most of 
those children in whom renal damage develops.!? *° 
A recent study has shown unequivocally that new 
scars can develop in both previously undamaged and 
damaged kidneys:"! as pointed out by Sherwood and 
Whitaker,” however, this is a rare event. In the 
study of Smellie et al new scars were seen in 74 
children.*! In 56 of these. however, ‘repeated symp- 
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tomatic recurrences of infection were recorded’, 
These cases were assembled from 23 centres over a 
span of 22 years. Therefore, new scars were seen in 
only one asymptomatic patient per centre every 28 
years—hardly a common event. 


Suggested scheme of investigation 


The following proposed guidelines are similar to, 
but not identical with, those recently put forward by 
Whitaker and Sherwood.** Three age bands can be 
identified. 

(1) Infants <1 year of age. All cases should be 
investigated by micturating cystourethrography, 
ultrasonography, and DMSA scan. If apparatus for 
or expertise in the last two are not locally available, 
excretory urography (intravenous urogram) can be 
substituted, but visualisation of the kidneys and 
ureters is often unsatisfactory. 

(2) Children aged 1-7 years. All children should 
be studied by either excretory urography or the 
combination of plain abdominal film, ultrasono- 
graphy, and DMSA scan. 

(3) Children aged 7 years and over. A plain film 
and ultrasonography are sufficient. 

If excretory urography is selected as the initial 
investigation a strong case can be made for delaying 
the study for six weeks after the infection has been 
diagnosed and treated. This is because the charac- 
teristic radiological appearances of pyelonephritis 
are due to contraction of the scar tissue, which 
replaces the damaged parenchyma, a process that 
takes time; urography performed immediately after 
the infection may give a false negative result. In this 
case a small prophylactic dose of a suitable anti- 
microbial agent should be continued after the 
infection has been eradicated until the result of the 
urogram is known. 

A micturating cystourethrogram should be per- 
formed in children of | year and over if: (i) the 
infection recurs; (ii) the studies recommended 
above are abnormal; (iii) the clinical features of the 
first infection were suggestive of acute pyelonephri- 
tis; or (iv) there is a Known family history of chronic 
atrophic pyelonephritis. If this scheme is followed, 
and provided that the recommended imaging studies 
are performed and interpreted by staff skilled in the 
investigation of children, most of those presenting 
with a first UTI after their first birthday can be 
spared a micturating cystourethrogram without 
great risk of missing important reflux. 
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Maternal compared with infant vitamin D 
supplementation 


M ALA-HOUHALA, T KOSKINEN, A TERHO, T KOIVULA, AND J VISAKORPI 


Departments of Pediatrics and Clinical Chemistry, University Central Hospital of Tampere, Department 
of Clinical Sciences, University of Tampere, and Health Centre of City of Tampere, Tampere, Finland 


SUMMARY Vitamin D metabolites were studied in mother-infant pairs at delivery and eight and 
15 weeks after that to evaluate the possibility of vitamin D supplementation of infant through the . 
mother. Healthy mothers (n=49) delivering in January received daily either 2000 IU (group 1), 
1000 IU (group 2), or no (group 3) vitamin D. Their infants were exclusively breast fed, and those 
in group 3 received 400 IU of vitamin D a day. After eight weeks of lactation the infantile vitamin 
D concentrations were similar in groups 1 and 3 but significantly lower in group 2. The serum 
24,25-dihydroxyvitamin D and 1,25-dihydroxyvitamin D concentrations were also lower in 
group 2. The mean mineral, parathyroid hormone, and alkaline phosphatase values showed no 
intergroup differences at any point. No infants showed any clinical or biochemical signs of 
rickets, and their growth was equal. In conclusion, a daily postpartum maternal supplementation 
with 2000 IU of vitamin D, but not with 1000 IU, seems to normalise the vitamin D metabolites of ` 
breast fed infants in winter. Maternal safety with such supplementation over prolonged periods, 
however, should be examined. 


It has been widely discussed whether breast milk is 
sufficient to prevent rickets in infants. Several 
studies have shown that vitamin D supplementation 
is a necessity for breast fed infants, especially during 
winter in northern Europe.!? Asian infants in 
Britain are also at risk of developing rickets.’ 4 
Because the poor vitamin D stores of the mother 
may further impair vitamin D state in the infant, it 
is important to know whether rickets can be 
prevented in breast fed infants by supplementation 
of the mother, especially as some mothers, such as 
vegetarians, are not willing to give their infants any 
pharmaceutical medicine. 

According to our earlier study, however, normal 
infant concentrations of vitamin D metabolites 
could not be reached by giving 1000 IU of vitamin D 
to the mother.” The present study was designed, 
therefore, to analyse the effects of a larger maternal 
vitamin D supplementation on the serum vitamin D 
metabolite concentrations and the mineral meta- 
bolism of breast fed infants during winter and 
spring. 


Patients and methods 


- hd 
Study groups. The study was conducted at the 
maternity wards and outpatient clinic of the 


department of pediatrics of the University Central 
Hospital of Tampere (latitude 61°N). Healthy, well 
nourished mothers delivering in January 1984 were 
divided in succession into three groups according to 
vitamin D supplementation as follows: 
Group 1: mothers (n=17) given 2000 IU of 
vitamin D3 a day, infants not sup- 
plemented. 


mothers (n=16) given 1000 IU of 
vitamin D, a day, infants not sup- 
plemented. 

mothers (n=16) not supplemented, 
breast fed infants given 400 IU of 
vitamin D, a day. 

The serum samples of the mother-infant pairs 
were collected at delivery and eight and 15 weeks 
later under exclusive breast feeding, when the 
infants were also examined. Venous blood samples 
were collected from the umbilical cord at delivery 
and within two hours of delivery from the mothers. 
During pregnancy, 33. mothers had no vitamin D 
supplementation (group A), eight mothers received 
500 IU a day of vitamin D during the second 
trimester of pregnancy (group B), and eight mothers 
500 TU a day throughout the pregnancy (group C). 
The mothers from these three groups supplemented 


Group 2: 


Group 3: 
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during pregnancy were distributed into the three 
groups supplemented after delivery as follows: 
group f=[)i4:2 (A:B:C. respectively), group 
2=9:4:3, and group 3= 13:0:3. The mothers received 
detailed information on the study and gave their 
written consent, 


Sample analysis. The blood samples were collected 
without anticoagulant and centrifuged immediately 
after clotting: the serum samples were stored 
at —70°C until analysed. The vitamin D metab- 
Ohtes 25-hydroxyvitamin D  (25-OHD), 24.25- 
dihydroxyvitamin D (24,25(0H).D), and la,.25- 
dihydroxyvitamin D (1a@,25(OH).D) in all the serum 
samples (OQ. 8. and 15 weeks) of each mother-infant 
pair (2x3) were analysed in the same assay. The 
other serum variables calcium. albumin, inorganic 
phosphorus. parathyroid hormone, and alkaline 
phosphatase were measured after each control— 
that is, at delivery and eight and 15 weeks thereafter. 
Heparinised, anaerobic infantile blood samples for 
iontsed calcium were analysed immediately after 
collection. 

Serum vitamin D metabolites were analysed from 
l-2 ml samples, to which tritiated vitamin D, 
derivatives had been added to monitor recovery. 
The samples were deproteinised and prepurified, 
using the acetonitrile-C,, Sep-Pak procedure of 
Turnbull et al” followed by further purification 
and separation of the metabolites by high perform- 
ance liquid chromatography. A Waters Z-module 
equipped with a Resolve silicic acid cartridge eluted 
with hexane-isopropanol-methanol (90-10-1) was 
used. 25-OHD and 24.25(OH),D were quantitated 
by competitive protein binding assay, emploving 
serum from a pregnant woman diluted 1/20 000 in 
barbital-acetate buffer, pH 8-6, and PH] 25-OHD. 
Non-radioactive 25-OHD served as standard. 
1a,285(OH),D was analysed by the radioreceptor 
assay of Reinhardt er al.’ For the 25-OHD and 
24,.25(O0H).D assay, the intra-assay (n= 10) varia- 
tion coefficients were 11-6% and 12-5% and the 
interassay (n=6) variations 10-8% and 145%, 
respectively; for the 1a.25(QOH).D assay the intra- 
assay variation coefficient was 15-7%, whereas the 
interassay variation was L1-1%. 

Serum calcium concentrations were assayed by 
atomic absorption spectrophotometry. Plasma ion- 
ised calcium and pH were measured by ton selective 
electrodes (ICA~1 Radiometer A/S, Copenhagen, 
Denmark). Serum albumin concentration was 
determined by the bromcresol purple technique, 
using a Hitacht 705 analyser, inorganic phosphorus 
by the phosphomolybdate method, serum para- 
thyroid hormone by midregion-(44—68)-specific 
radioimmunoassay with commercial reagents from 
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Immuno Nuclear Corporation (Stillwater, Minneso- 
ta, United States), and alkaline phosphatase activity 
with a system Olli 3000 analyser with Oriola 
reagents (Helsinki, Finland), made to correspond to 
the Scandinavian recommendation. | 


Statistical analysis. Statistical analysis was per- 
formed using two tailed paired ¢ test for intragroup 
differences and Student's 7 test for intergroup 
differences and for the correlation coefficient, 


Results 


Serum concentrations of vitamin D metabolites in 
the mother-infant pairs are presented in Figure 1, 
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Fig. | Serum vitamin D metabolite concentrations (mean 
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and the corresponding serum minerals (calcium, 
ionised calcium, and inorganic phosphorus), albu- 
min, parathyroid hormone, and alkaline phos- 
phatase in Figure 2. 


Maternal data. At delivery, the concentrations of 
25-OHD (mean (SEM)) were significantly lower 
(p<0-01) in mothers not receiving vitamin D during 
pregnancy than in those receiving 500 IU of vitamin 
D a day throughout pregnancy (10-1 (1-0) ng/ml 
(25-3 nmol/l), n=31, and 23-0 (4-5) ng/ml, n=8, 
respectively). Maternal supplementation during 
middle pregnancy only did not influence the con- 
centrations of 25-OHD (10-7 (1:8) ng/ml, n=8) at 
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Fig.2. Maternal (@) and infantile (CQ) values (mean (SD)) 
for serum total calcium (Cao), ionised calcium (Ca’*), 
albumin (Alb), inorganic phosphorus (P;), parathyroid 
hormone (PTH), and alkaline phosphatase activity (AP) in 
different winter groups with vitamin D supplementation at 
delivery and eight and 15 weeks later. There were no 
significant intergroup differences at any study point. 


delivery. There was a close association between the 
corresponding 25-OHD concentrations in maternal 
and cord serum samples (r=0-8023, p<0-001, n=47), 
but there was no correlation for 24,25(O0H)2D 
(r=0-1725, NS) and only a slight positive correlation 
for 1a,25(OH)2D (r=0-3328, p<0-025). 

As expected, the postpartum maternal vitamin D 
supplementation increased the serum 25-OHD and 
24,25(OH)2D concentrations of mothers signifi- 
cantly (Fig. 1) during the follow up of 15 weeks. 
During the first eight weeks maternal 1a,25(OH)2D 
concentrations in all groups decreased to a constant 
concentration, where they stayed thereafter. 

There were no significant intergroup differences 
in maternal calcium, inorganic phosphorus, albu- 
min, alkaline phosphatase, and parathyroid hor- 
mone values (Fig. 2) at any of the study points. 


Infant data. At birth, the serum concentrations of all 
three vitamin D metabolites were comparable in all 
groups. The mean (SEM) concentrations of 25- 
OHD were lower in cord serum samples (8-5(0-9) 
ng/ml) than in maternal serum samples (11-9(1-1) 
ng/ml). There was no difference between the um- 
bilical and maternal serum concentrations of 
24,25(OH).D (2-1(0-3) ng/ml (S5(0-8) nmol/l) and 
1-9(0-3) ng/ml, respectively). The umbilical serum 
1a,25(OH),D concentrations (35(4-4) pg/ml (84 
(10-6)pmol/l)) at delivery were 56% of the corres- 
ponding maternal concentrations (63(5-5) pg/ml) 
(p<0-001, n=49). 

At 8 weeks of age the 25-OHD concentrations of 
the infants in groups 1 and 3 were similar, but in 
group 2 they were significantly lower (p<0- 01), and 
in three infants 25-OHD concentrations were at or 
below the so called risk limit for rickets (5 ng/ml).° 
In group 2 the. 24,25(OH),D and -1a,25(OH)2D 
concentrations of infants were significantly (p<0-01) 
lower than in group 1 and the 1a,25(OH),D 
concentrations significantly (p<0:025) lower than in 
group 3. 

At 15 weeks of age, the infant 25-OHD concen- 
trations were significantly (p<0-01) lower in group 2 
than in groups 1 and 3, which were similar’ The 
intergroup differences found at 8 weeks of age for 
24,25(OH)2D and 1a,25(OH)2D were absent at 15 
weeks of age. 

The intergroup differences in weight and height 
between the infants were not significant. At 8 weeks 
of age, however, two of the three infants in group 2 
with low serum 25-OHD concentrations had a low 
weight gain (500 g and 1160 g) compared with the 
mean (SD) of the other infants in this group (1540 
(383) g). 

There were no significant intergroup differences 
in the infantile serum mineral concentrations (cal- 
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cium, ionised calcium and inorganic phosphorus), 
nor in the albumin or parathyroid hormone concen- 
trations and alkaline phosphatase activities (Fig. 2) 
between the study points, and none of the intants 
had any clinical signs of rickets. 


Discussion 


The purpose of the present study was to evaluate 


the possibility of vitamin D supplementation of 


infant through the mother. During the last decade. 
breast feeding has become increasingly popular in 


many western countries.” It has been suggested 

that nutritional rickets’ or low 25-OHD 
+ 3 A ‘ 

concentrations’ '' are associated with unsupple- 


mented breast feeding. Even intrauterine vitamin D 
deficiency may give rise to poor growth in infancy 
unless supplements are given. | ? Prenatal and post- 
natal vitamin D supplementation iS sea ig 


Asian infants living in Britain. Greer et al, in a 
double blind prospective study, have ie d 


decreased bone mineral content of infants receiving 
breast milk alone,'* but in a simultaneous larger. 
but not blind, study Roberts et al could not confirm 
these findings.'” Another study has suggested that 
human milk alone may provide sufficient dietary 
vitamin D for the needs of term infants under 
optimal social and environmental circumstances, 
Two of the three above studies!’ "° were performed 
at moderate latitudes. and all three studies consist of 
mixed summer-winter populations, while at the 
latitude of Tampere the amount of sunlight very 
much depends on the season.’ 

According to the present data, it seems that the 
milk of supplemented mothers alone may provide 
the infant with sufficient vitamin D if the dose given 
to the mother is large enough. When the mother 
received 2000 IU of vitamin D a day the 25-OHD 
concentrations of the infants nearly equalled those 
of the infants receiving 400 LU of vitamin D directly. 
The dose of 1000 TU of vitamin D daily given to the 
mother is not high enough, which agrees with the 
result of our earlier study.” 

A similar tendency in results, showing a transfer 
of 25-OHD (or vitamin D) from the mother with 
2100 IU. but not with 900 TU of vitamin D daily, to 
the breast fed infant has recently been described by 
other Finnish investigators.'* In this report, how- 
ever, the season was not controlled. In a Norwegian 
study the daily dose of 400 IU of vitamin D to 
mothers during lactation had no apparent effect on 
the serum 25-OHD concentration of breast fed 
infants.'' On the other hand, a double blind South 
African study showed a clear effect on infant 25- 
OHD concentrations by even 500 IU of daily 
vitamin D supplementation through the mother. | 
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In our earlier study the results were similar.~ > The 
breast fed infant of mothers receiving 1000 IU of 
vitamin D> a day still had, in winter. however, lower 
25-OHD concentrations (5-6(3-7) ng/ml) than in 
the present study (p<0-005) at the same stage (eight 
weeks) of eee which raises the question 
whether the vitamins D- and D, are metabolised 
differently in man. This has also been suggested in 
some recent studies. ™® “| The present study used 
vitamin D, instead of vitamin Da for technical 
reasons and was not designed to compare the two 
forms of vitamin D. 

During eight weeks, 1a,25(OH),D increased in 
all infaat groups to a concentration similar to that 
described earlier“ but the slowest rate of increase 
was in group 2. As there were no disturbances in the 
infant mineral metabolism in group 2 (Fig. 2). the 
14.25(QH),D concentrations can be considered 
adequate, despite low 25-OHD concentrations in 
this group. The infantile 24.25(OH).D concentra- 
tions were significantly lower in group 2 than in 
group 1, which may reflect a reduction in the 
availability of 25-OHD. 

It is unclear whether low 25-OHD concentrations 
are disadvantageous to growing infants. In 1936 
Stearns ef al reported more rapid growth in infants 
given 340-400 units of vitamin D daily than in those 
given 60-135 units.” 3 In the present study the 
differences in infantile supplementation routes did 
not influence the weight or height gains of an infant 
up until 15 weeks. The low weight gain in two 
infants in group 2 may be associated with low 
25-OHD concentrations, although this finding can- 
not be considered significant. H must be remem- 
bered that rickets occurs much later than 15 weeks, 
and normal mineral metabolism and growth at eight 
and 15 weeks may be of little reassurance. 

This study shows once again that the cord blood 
25-OHD concentration correlates well with mater- 
nal coacentrations.~ ~ The concentration of 25- 
OHD in the maternal circulation seems to be the 
major factor governing neonatal concentrations. 
Some of the mothers were supplemented through- 
out pregnancy with vitamin D, which was clearly 
reflected in their serum 25-OHD concentrations at 
term. Their infants also had higher cord serum 25- 
OHD than those of the unsupplemented mothers. 
The maternal supplementation during pregnancy 
did not create any intergroup differences at term as 
the mothers were evenly distributed among the 
three groups. 

During cight week lactation, maternal 
1a.25(0H)2D decreased to normal adult concentra- 
tions and remained quite constant thereafter (Fi ig. 
1), which has also been previously shown in man.” 
The normal parathyroid hormone concentrations 
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also confirmed the above results. The rise in 
maternal 24,25(OH).D was concomitant with that 
of 25-OHD (Fig. 1), which has not been reported in 
an earlier study with a similar supplementation and 
a long study period. 

In conclusion, the vitamin D supplementation of 
400 [U/day to breast fed infants is adequate and the 
most secure way of preventing rickets during winter 
on northern latitudes. Breast milk does not have 
enough antirachitic activity by itself or when the 
- mothers are supplemented with 1000 [U/day. A 
sufficient supply of vitamin D to the breast fed 
infant is achieved only by increasing the maternal 
supplementation up to 2000 [U/day. As such a dose 
is far higher than the daily dietary allowance 
recommended for lactating mothers” its safety over 
prolonged periods is not known and should be 
examined. 


Supported by the National Board of Health, Finland, and the 
Academy of Finland. Vitamin D preparations were donated by 
Orion, Helsinki, Finland. 
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Age at diagnosis and abilities in idiopathic 


hypercalcaemia 


O UDWIN, W YULE. AND N D T MARTIN 
Department of Psychology, 
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and Department of Paediatric Cardiology, Guy's 


SUMMARY Forty three children aged 6 to 16 years with a documented history of idiopathic 
infantile hypercalcaemia were assessed on a variety of cognitive and behavioural measures. No 
relation was found between the age at which hypercalcaemia was diagnosed and subsequent full 
scale intelligence quotients (IQ) and reading or spelling abilities. Verbal IQ was, however, 
significantly higher than performance IQ, which had an inverse relation with age at diagnosis. 
Furthermore, scores for deviant behaviour were found to correlate with age at diagnosis. Thus 
the characteristic psychological profile of this syndrome may be in part a function of 


hypercalcaemia during infancy. 


idiopathic infantile hypercalcaemia was first recog- 
nised in, 1952 by Fanconi et al, Lightwood, and 
Payne. Most authors have distinguished ‘mid 
cases of idiopathic infantile hypercalcaemia,* who 
make a complete recovery, from ‘severe’ cases,’ 
who present in a similar fashion but are charac- 
terised by congenital defects and considerable long 
term morbidity. It is as yet unproven whether the 
two forms represent differing polarities of the same 
pathological process or two separate disease 
entities.” The focus in this study is on the severe 
form of idiopathic infantile hypercalcaemia of the 
Fanconi type. 

Features of the syndrome include a distinctive 
‘elfin like’ facies,° renal and cardiovascular abnor- 
malities (supravalvular aortic stenosis and periph- 
saree artery E “and MOCE to 
a hae a eeu pycha proble ad 
specific personality characteristics, which seem to 
distinguish them from other mentally handicapped 
groups. Their verbal abilities tend to be superior to 
their visuospatial and motor skills,” '' and they show 
high rates of emotional and behavioural disturb- 
ances and hyperactivity.” ! 

The cause of the syndrome is unknown. Prenatal 
growth is involved as the birth weights of the 
affected children are significantly lower than nor- 
mal, and cardiac murmurs are often noted at birth,’ 
Symptoms of hypercalcaemia present during the 


first year, the peak being between 5 and 8 months of 
age;'7 but there is often considerable delay between 
the onset of symptoms and diagnosis. Martin et al 
found the mean age at diagnosis to be 12 months,’ 
and the mean time from the stated onset of 
problems to diagnosis was nine months. The cause 
of hypercalcaemia may be increased intestinal 
absorption of calcium. As evidence of excessive 
vitamin D intake during infancy has not been 
found,’ other theories have been proposed, includ- 
ing vitamin D ‘sensitivity’. ? Martin et al found 
normal concentrations of vitamin D metabolites in 
plasma, however, in both the hypercalcaemic and 
normocalcaemic phases of the syndrome. 

It has been suggested that hypercalcaemia per se 
may account for the mental handicap seen in the 
Fanconi type of idiopathic infantile hypercalcaemia 
and that delay in diagnosis may have a deleterious 
effect on cognitive development." ` This important 
question has not previously been studied. In 31 cases 
where cognitive or developmental assessment re- 
sults were available a significant negative correlation 
between age at diagnosis and subsequent intelli- 
gence and developmental quotients has been found. 
(Martin NDT. Personal communication.) These 
data were, however, retrospective. obtained from 
hospital records, and based on a range of different 
tests administered by different testers. Most chil- 
dren were assessed in infancy on the Griffiths scales, 
but others were assessed when they were of school 
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age on the Wechsler intelligence scale for children 
or the Stanford-Binet intelligence test. Clearly, 


different skills and abilities had been assessed at. 
different stages of development on different tests. - 


The present study examines the relation between 
age at diagnosis and subsequent cognitive abilities, 
attainment, and behaviour in 43 mentally handi- 
capped, school aged children with documented 
evidence of hypercalcaemia in infancy who had 
been treated with low calcium and vitamin D 
restricted diets. 


Subjects and methods 


The children were drawn from ‘the membership of 
the Infantile Hypercalcaemia Foundation, a parent 
support group that holds the only register of affected 
children in the United Kingdom. The parents of 52 
children (who had an age range of 6-16 years) 
known to the Foundation were approached for 
permission to include their children. in the study. 
Consent was obtained for 49 of the children. Thirty 
three of these children had been examined by 
Martin et al as part of an earlier study and had been 
found to fulfil the criteria suggested by these authors 
for a diagnosis of the „Fanconi type idiopathic 
infantile hypercalcaemia.’ The hospital records of 
the remaining 16 children: were examined. and 
evidence for a diagnosis of the Fanconi type of 
idiopathic infantile hypercalcaemia in accordance 
with these criteria was found in 10 cases. The final 
sample thus comprised 43 children. Characteristics 
of the sample and medical data obtained from 
hospital records are presented in the Table. All-the 
children had been placed on a low calcium and 
vitamin D restricted diet after diagnosis, for periods 
ranging from six to 66 months, and a few were still 
on the diets at the time of the present study. 

Each child was seen individually, either at school 
(34 children) or at home (nine), and assessed on the 
following measures, without specific knowledge of 
the age at which the diagnosis had been made: 

' (1) Intelligence was determined using the 
Wechsler intelligence scale for children-revised 
(WISC-R).° 

(2) Reading and spelling attainment were assessed 


Table Characteristics of the sample studied 


Mean (SD) 
Age (months) , 134-5 (36-1) 
Age at diagnosi (months) 11-5 (7-8) 
Birth weight (kg) 27 (0-5) 
Plasma calcium at diagnosis (mmol) 33 (0-4) 
Sex (doys:girls) 20:23 


using the Neale analysis of reading ability’® and the 
Vernon graded word spelling test.’ 

(3) Emotional and behavioural disturbance was 
determined by the Rutter  questionnaires.!® ” 
In addition to the total scores on these question- 
naires, subscale scores: were obtained on’ symptom 
clusters of ‘ neurotic’, ‘anti-social’, and hyperactive 
behaviours. ; 


Statistical analysis. The Student’s ¢ test for paired 
Samples was used to compare the subjects’ verbal 
and performance intelligence quotients (IQs), and 
x? tests were used to compare rates of behavioural 
disturbance in the present sample with those re- 
ported by other researchers for groups of normal 
and mentally handicapped children. .The relation 
between age at diagnosis and measures of cognitive 
functioning and behaviour was examined using 
Pearson product moment correlations. 


Results 


Cognitive functioning and behaviour. For nine chil- 
dren (21%) full scale IQs on the WISC-R fell below 
the basal level of 40. The IQs of the remaining 34 
children ranged from 40 to 89, with a mean of 54-6. 
Overall, 54% of the sample fell into the ‘severe’ 
range of mental handicap. Only one‘child. had a full 
scale IQ in the ‘borderline’ range, and one child 
came within the ‘normal’ range. Considering verbal 
and non-verbal performance IQs separately, eight 
children (19%) failed to score above the floor of the 
verbal scale, and for the rest verbal IQs ranged from 
45 to 109, with a mean of 62-4. On the performance 
scale, 14 children (33%) scored below the floor of 
the test, and the remaining children obtained a 
mean IQ of 55-9 (range 45-73). There’ was a 
significant difference between the scores on these 
two scales (p<0-001), with the verbal scale IQ being 
superior to the performance scale IQ. 

Over half of the subjects attained some score on 
the Neale analysis of reading ability (22 children) 
and on the Vernon spelling test (23). The readers 
had a mean chronological age of 12-0 years (range 
72-189 months) and they obtained a mean age of 7:8 
years for both reading accuracy (range 74-137 
months) and reading comprehension (range 75-144 
months). The spellers had a mean chronological age 
of 12-1 years (range 89-189 months) and obtained a 
mean spelling age of 6-8 years (range 67-136 
months). 

Parent and teacher ratings on the Rutter scales 
indicated high rates of behavioural and emotional 
disturbance in the sample. Altogether 53% of the 
children showed disturbed behaviour both at home 
and at school, and a further 35% were rated as 
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disturbed either at home or school. Only 12% of the 
sample scored below the cut off for deviant be- 
haviour on both the parent and teacher scales. 
These rates of disorder are significantly higher than 
the rates reported by Rutter et al for groups of 
normal children (p<0-001) and also mentally handi- 
capped children (p<0-05).!° The children were also 
found to be significantly more hyperactive on these 
scales than both normal children (p<0-001) and 
other mentally handicapped children (p<0-05),”° 
with 72% of the sample displaying hyperactive 
behaviour either at home or at schocl or in both 
settings. 


Age at diagnosis and subsequent IQ and behaviour. 
In view of floor effects on the WISC-R verbal and 
performance IQs, the relation between cognitive 
abilities and age at diagnosis was examined using the 
sums of scaled scores on the WISC-R subtests. 

Over the total sample there were no significant 
correlations between age at diagnosis and the sums 
of scaled scores on the WISC-R full scale, verbal 
scale, or performance scale. For the 22 readers and 
23 spellers there was also no relation between age at 
diagnosis and performance on the reading and 
spelling tests: Examination of scattergrams of -the 
relations among: these variables, however, revealed 
three cases ‘with: an extreme score on- only one 
variable, which may have distorted the relations. 
These three cases comprised the one whose chrono- 
logical age was by:far the highest at diagnosis (47 
months), the one with the lowest chronological age 
at diagnosis (3 months), and the one with the highest 
IQ score (full scale IOQ=89). Excluding these three 
children from the sample, a negative correlation was 
obtained between age at diagnosis and the sum of 
sczled scores on the WISC-R performance scale that 
was just short of conventional significance (r=—0-25, 
p=0-06). This suggests a tendency for children who 
were diagnosed later to perform more poorly on 
tasks- involving non-verbal visuospatial and motor 
abilities. 

Fxamining the relation between age at daanos 
arid the Rutter scales, there were significant positive 
correlations with the total behavioural deviance 
scores on the teacher scale (r=0-30, p=0-027) and 
with the -hyperactivity subscale scores on both the 
teacher and parent scales (r=0-41, p=0- 004 and 
r=0-28, p=0-036, respectively). 


Discussion’ 


Age- at diagnosis has been accepted as the best 
estimate of duration or severity of hypercalcaemia in 
this condition. Unlike, for example, congenital 


hypothyroidism, it is not possible to date the onset 
of hypercalcaemia. Cases have been documented 
with normal plasma calcium concentrations at birth 
and in the first few months of life.7" Hypercalcaemia 
almost certainly develops at variable times during 
the first year of life. Moreover, plasma calcium 
concentrations at diagnosis cannot be equated with 
severity as rapid rises in plasma calcium concentra- 
tions might theoretically precipitate earlier diagno- 
sis. This hypothesis is compatible with the present 
finding that plasma calcium concentrations were 
inversely related to age at diagnosis (r=—0-26, 
p=0-047), although an alternative explanation for 
this finding is that it reflects the natural history of 
hypercalcaemia to resolve over the first few years of 
life. In either event, recognising its limitations, age 
at diagnosis seems the best index to study the 
possible long term effects of idiopathic infantile 
hypercalcaemia. 

-In contrast to earlier assumptions,” “ we have 
found no evidence to support the suggestion that 
earlier diagnosis may alter overall intellectual abil- 
ity. More detailed analysis of the psychological 
profile of these children suggests, however, that 
hypercalcaemia may indeed have long term effects on 
certain cognitive functions. The peculiar abilities of 
these children have often been alluded to but until 
recently had not been comprehensively studied. We 
have observed, and reported more extensively 
elsewhere,'! significantly better verbal scores.on the 
WISC-R than visuospatial and motor skills in these 
children. Given that later diagnosis of hypercal- 
caemia is associated with lower scores on the 
WISC-R performance scale, without a similar effect 
on verbal scores, it is possible that hypercalcaemia, 
or a related variable, may have a differential adverse 
effect on the development of these non-verbal skills. 

Behaviour disorders were first noted in this 
syndrome by Arnold et al,® and their findings have 
since been confirmed.'' The finding that later 
diagnosis was also associated with more deviant 
behaviour and hyperactivity later in childhood was 
unexpected. Effects of ill health and hypercalcaemia 
can be postulated at several levels — for example, 
prolonged ill health and feeding problems in infancy 
would possibly disrupt the development of stable 
behaviour patterns. 

Hypercalcaemia is known to cause psychiatric 
disturbance in adult life,” and there is now some 
clinical evidence that it can affect certain areas of 
psychological development. Detailed histological 
data on brain morphology from cases with this 
condition are lacking, and to our knowledge there 
has been no study of brain cell growth in the 
presence of hypercalcaemia. Although this study 
requires confirmation and needs to be extended to 
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include cases with the same phenotype but without 
documented evidence of infantile hypercalcaemia 
(Williams-Beuren. syndrome), there is now some 
evidence that hypercalcaemia may adversely affect 
subsequent development and behaviour. Thus 
although it is fairly rare, it is a condition worthy of 
note as it is both simple to diagnose and simple to 
treat. 


We thank Sir George and Lady Cynthia Cooper and the members 
of the Infantile Hypercalcaemia Foundation for generously sup- 
porting this research and the children, parents, and teachers who 
participated in the study. 
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SUMMARY Fifty children with drug resistant epilepsy were treated with the Medium Chain 
Triglyceride (MCT) Emulsion diet. Eight achieved complete control of seizures (four without 
anticonvulsant drugs), and with the addition of anticonvulsants four had seizures reduced in 
frequency by 90% and 10 by 50-90%. The best results were obtained with astatic myoclonic and 
absence seizures, but control of seizures was improved in four children with tonic-clonic and 
three with complex partial seizures. Food given at the same time as MCT helped to reduce side 
effects, and an extra dose of MCT before bedtime improved control of nocturnal seizures. 


Sixty years ago Geyelin found that many patients 
with epilepsy remained free of seizures while fasting 
and for several months after return to a normal 
diet.' Wilder in the same year suggested that the 
ketonaemia induced by fasting was responsible for 
this effect and proposed that a ‘ketogenic diet’, high 
in fat and low in carbohydrate. should be used in the 
treatment of epilepsy.” This was undertaken in 
children by Peterman? and Helmholtz.” and the best 
results seemed to occur in the younger age groups. 
Livingston reported over a period of 41 years that he 
had controlled myoclonic epilepsy in 54% of 975 
cases using the ketogenic diet.5 In spite of these 
good results, however, the traditional ketogenic diet 
(87% of dietary energy being provided by fat) has 
been limited by its unpalatability and nutritional 
inadequacy in young children. It is also difficult to 
prepare and has not gained wide acceptance. 
Recently, there has been a resurgence of interest 
in ketogenic diets as many children with seizures— 
for example, tonic-clonic and astatic myoclonic-—~are 
not controlled by anticonvulsants used singly or in 
combination.° After reports that medium chain 
triglyceride (MCT) was more ketogenic than fat 
Huttenlocher ef al introduced MCT as an alternative 
to fat in their ketogenic diet.” They showed that a 
ketogenic diet using MCT to provide 60% of dietary 
energy was at least as effective as a 3:1 ketogenic 
diet (75% of energy provided by fat) in producing 
ketosis and controlling seizures. As less carbohy- 
drate restriction was involved such a diet became 
easier to prepare, was more palatable, and was less 


lipogenic. Schwartz et al reported success with both 
the traditional ketogenic diet and the MCT Oil diet 
and investigated some of its biochemical effects." 
More recently, because of the increasing expense of 
a traditional ketogenic diet and the unpalatability of 
MCT Oil Schwartz et al have introduced a combined 
diet. named the John Radcliffe I] diet, which 
contains smaller volumes of MCT Oil and includes 
some saturated fat in the form of cream and butter, 
etc.” Some success with both continued seizure 
control and improved acceptability has been re- 
ported with this innovation. In both these series of 
Schwartz et aľ ” the MCT Oil was incorporated into 
the diet as an emulsion with skimmed milk. 

Several theories have been suggested about the 
possible mode of action of these diets. 

(i) Millichap et al reported lowering of the serum 
pH with the ketogenic diet," but this was not 
observed by Huttenlocher er al with the MCT diet.’ 
and no pH reduction was seen in the studies of de 
Vivo et al of long term ketogenic diets.’ 

(11) Millichap et al suggested that negative sodium 
and potassium balance was a factor," ’ but _Sub- 
sequent studies found no evidence of this.” 

(iii) Dekaban suggested that acti neat 
might have an anticonvulsant effect,'- but although 
raised lipids have been found with the ketogenic 
diet, this was not observed with the MCT diet,’ and 
also no changes in cholesterol or high density 
lipoprotein proportions have been observed with the 
diet." 

(iv) Severe hypoglycaemia has been reported by 
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Livingston, 3 but this was not observed in other 
studies.’ 

(v) Reduction in serum alanine concentrations 
have been reported with the ketogenic but not the 
MCT diet.’ 

(vi) Huttenlocher reported rises of plasma con- 
centrations of the ketone bodies B-hydroxybutyrate 
and acetoacetate, and his elegant studies suggested 
the effectiveness of the diet might be related to 
blood concentrations of these substances.'* It is 
interesting to note that during starvation brain 
metabolism may alter so that ketone bodies can be 
utilised as an energy source instead of glucose’ and 
that acetoacetate has been shown to have an 
anticonvulsant effect in experimental animals.!° 
Huttenlocher showed that ketone concentrations in 
plasma rose equally with the ketogenic or MCT diets 
and that this rise was less in older children, in whom 
the diet seemed less effective.'* 

(vii) Huttenlocher et al suggested the possibility of 
a direct effect of the fatty acids contained in MCT on 
cerebral excitability.’ 

We initially attempted to treat 25 children with 
intractable seizures using the MCT Oil diet but were 
unable to achieve reasonable palatability, and most 
patients found it unacceptable. One boy aged 14 
with drug resistant absence Seizures did persevere 
with the diet and achieved an impressive improve- 
ment in seizure control. After this success we 
wondered if we might be able to increase the 
acceptability of the diet by using a proprietary 
MCT Emulsion as the mechanism of action of this 
diet would be essentially the same as with the 
MCT Oil diet, whose efficacy has been well docu- 
mened T is 


Patients and methods 


In this study MCT Emulsion (Liquigen Scientific 
Hospital Supplies Ltd, Liverpool) was given. 
Flavouring was added—namely, Nesquik or syn- 
thetic butterscotch—to make the MCT Emulsion 
more palatable, but several children were able to 
take it without flavouring. Children admitted to the 
study were suffering from either astatic myoclonic 
absence, generalised tonic-clonic, or complex partial 
seizures, which had failed to respond to the appro- 
priate anticonvulsant given as a single agent. Only 
children who we considered had a good chance of 
achieving reasonable function at normal or special 
school were included in the study. 

All children were admitted to hospital and anti- 
convulsants were withdrawn and were-reintroduced 
only if clinically indicated. Daily energy require- 
ment was assessed on an individual basis by the 


hospital dietitian. An initial starvation period of one 
to four days was used to induce ketosis, and then the 
amount of MCT was slowly increased until 60% of 
the dietary energy requirement was supplied by 
MCT. All children received daily supplements of 
vitamins, iron, and calcium (usually Ketovite syrup 
5 ml daily, Ketovite/tablet three times a day, Sytron 
5 ml three times a day, and Calcium Sandoz one 
tablet daily). The average time to build up to full 
diet was 18 days. Once established on full diet 
children were allowed home and were reviewed 
after two weeks. If the seizures were not in 
remission an anticonvulsant was added. Children 
continued on the diet for at least two years if well 
tolerated. Where difficulties with compliance oc- 
curred some children were admitted to a residential 
hospital school. Seizure frequency before beginning 
the diet and once established on full diet was 
assessed from records of seizures kept in hospital by 
medical and nursing staff and at home by parents. 
We graded control according to percentage re- 
duction of seizure frequency after stabilisation on 
the diet: complete control represented 100%, excel- 
lent control 90-100%, good control 50-90%, and 
poor control <50% reduction of seizure frequency. 


Results 


Fifty children with seizures resistant to appropriate 
anticonvulsants have been treated with MCT Emul- 
sion, 18 with astatic myoclonic, 17 with generalised 
tonic-clonic, six with absence, one with absence and 
tonic-clonic, and eight with complex partial seizures. 

Twenty four children tolerated full diet—namely, 
60% MCT—18 tolerated 50-58%, two tolerated 
45%, and six were unable to tolerate the diet. Of the 
44 children who tolerated the diet, eight achieved. 
complete control of seizures (four without anticon- 
vulsants), four achieved excellent control, and 10 
achieved good control. Of the remaining 22 chil- 
dren, 13 had poor control and nine showed no 
improvement. Of the 22 children with good to 
complete control, however, three whose control of 
seizures was excellent refused to continue the diet. 
Fifteen children have been on the diet for two years 
or more and seven for more than a year. Sixteen 
children remain on the diet, eight with astatic 
myoclonic, three with absence, three with general- 
ised tonic-clonic, and two with complex partial 
seizures. Four children, two with astatic myoclonic 
and two with absence seizures, have been off the 
diet nine months or longer without recurrence of 
seizures. 

Of the 17 children over the age of 10, one 
achieved complete, three excellent, seven good, and 
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four poor control of seizures and two were unable to 
tolerate the diet. Success was often associated with a 
high level of patient motivation. A boy aged 10 
opted to try the diet as an alternative to temporal 
lobatomy and achieved good control, and a girl aged 
11 who had developed anorexia nervosa on MCT 
Oil was determined to try MCT Emulsion and 
achieved excellent control of her absence seizures 
but required the addition of an anticonvulsant 
(ethosuximide) to achieve complete control. 

In addition, 11 children had considerable difficul- 
ties with compliance because they would not take 
the diet or their parents would not administer it 
properly, despite the fact that five of them had 
achieved good control or better. Admission to a 
residential hospital school was accepted by nine of 
them, and eight achieved good to complete control. 

The timing of seizures was of interest: eight 
children whose seizures had been diurnal before 
treatment with the diet had seizures only at night on 
full diet. These nocturnal seizures ceased when an 
extra bolus of MCT was given at 2000 to 2100h, but 
it was noted that diarrhoea and abdominal pain 
occurred if extra MCT was not given with food—for 
example, biscuits. 


Results of different seizure types. 


Astatic myoclonic 

All 18 of the children in this group (who were aged 
2-8 years, with a mean of 4 years) had been tried on 
sodium valproate, nitrazepam, and clonazepam 
without reduction of seizure frequency. The results 
of treatment on MCT diet alone or with sodium 
valproate or nitrazepam are shown in the Table. 


Absence 

All of the six children with ‘pure absence’ seizures 
and the child with absence and generalised tonic- 
clonic seizures (who were aged 5-11 years, with a 
meen of 8 years) had been tried on sodium 
valproate, ethosuximide, methsuximide, and aceta- 
zolamide without reduction of seizure frequency. 


The child with tonic-clonic seizures had also been 
tried unsuccessfully on carbamazepine and pheny- 
toin. The results of treatment on MCT diet plus 
sodium valproate or ethosuximide are shown in the 
Table. 


Generalised tonic clonic 

All of the 17 children in this group (who were aged 
5-15 years, with a mean of 10 years) had been tried 
on carbamazepine, phenytoin, primidone, sodium 
valproate, and each combined with acetazolamide 
without reduction of seizure frequency. The results 
of treatment on MCT diet plus an anticonvulsant are 
shown in the Table. 


Complex partial 

All of the eight children in this group (who were 
aged 9-14 years, with a mean of 10 years) had been 
tried on carbamazepine, phenytoin, primidone, 
sodium valproate, and each combined with acetazo- 
lamide without reduction of seizure frequency. The 
results of treatment on MCT diet plus carba- 
mazepine or phenytoin are shown in the Table. 


Side effects. Mild diarrhoea and abdominal pain 
were common and were usually alleviated by a 
temporary reduction of MCT dosage or when MCT 
was taken in small amounts with food. Side effects 
led three children, however, who had had excellent 
control to give up the diet, two of whom have 
restarted the diet with excellent control. 

In 13 children a subjective improvement in mental 
awareness was observed by parents and nursing and 
school staff. 

One boy aged 10 with severe astatic myoclonic 
seizures of three years’ duration showed a good 
initial response to the MCT Emulsion diet but later 
refused to take it. The diet was given by. nasogastric 
tube, but we omitted to give him vitamins through 
the tube and four weeks later he became blind. His 
sight was restored four weeks after starting treat- 
ment with vitamins. 


Table Control of the different types of seizure on the MCT diet in 50 children with drug resistant epilepsy 








Type of seizure No of Control 
children 

Complete Excellent Good Poor Failed 

(100%) (90--100%) (50-90%) (50%) 
Astatic myoclonic i8 3 5 5 4 
Petit mal 7 3 l I — 
"Tonic-cłonic 17 I 2 7 6 
Complex partial l 8 1 2 _ 5 
Total 58 8g 10 13 15 


The Medium Chain Triglyceride diet and intractable epilepsy 1171 


Discussion 


These results suggest as previously reported’ 8 1 
that the MCT diet is worth considering for children 
with drug resistant seizures and that using a pro- 
prietary MCT Emulsion may improve acceptability. 

In contrast to previous studies’? we withdrew 
anticonvulsants before introducing the diet. We 
believe it makes no sense to continue to dispense 
anticonvulsant treatment that is ineffective, but we 
insist that withdrawal takes place in hospital. The 
fact that four children with astatic myoclonic seiz- 
ures managed better on MCT diet off drugs we think 
justified this approach and also gives credence to the 
view that the MCT diet contains ‘agents’ that have 
anticonvulsant properties. In addition, we have 
treated older children with a variety of seizures with 
some success, and this suggests that the MCT diet 
should be considered in any child of reasonable 
intelligence suffering drug resistant seizures rather 
than reserving it for the younger child as has been 
suggested. 4 

Side effects remain a problem, and we have found 
that the probable osmotic effects of the diet may be 
alleviated by giving MCT in regular small amounts 
with food. 

Bilateral optic neuropathy has been reported in 
two children aged 5~7 who were maintained on a 4:1 
ketogenic diet without vitamin B supplements.!” 
Blindness occurred 10 months and one year, respec- 
tively, after introduction of the diet. Vitamin B 
supplements and thiamine restored vision in six and 
11 weeks, respectively. Our own experience empha- 
sises the importance of giving adequate vitamin B 
supplements while taking MCT Emulsion. 

The reduction of nocturnal seizures afforded by 
extra MCT at night may relate to the paradoxically 
low morning concentrations of ketones in children 
on the MCT diet that have been reported 
previously. 48 Our biochemical observations, re- 
ported elsewhere, shed some light on the reasons for 
this.” 

It is difficult to compare the results of treatment 
of our 50 children with the 44 treated by Schwartz et 
al because different seizure types were treated— 
namely, infantile spasms and partial seizures—and 
the duration of treatment was not specified, whereas 
we have attempted to assess control of seizures over 
the whole duration of treatment, with 22 out of 44 
children having received treatment for at least a year 
at the time of assessment. In their series of 25 
children with ‘drop seizures’, however, 85% had 
> 50% reduction in seizure frequency, whereas in 
our series of 18 children with astatic myoclonic 
seizures 50% had >50% reduction in seizure 
frequency. They provided no information on the 


eight children they treated with absence seizures, 
and it is unclear which of the three diets suited th 
individual children best. 

We realise that much of our data on seizure 
frequency relies on second hand information, but it 
is difficult to improve on this without either long 
periods of admission to hospital or prolonged 
electrical recordings. More reliable records were 
obtained when nine children were admitted to a 
residential hospital school for long periods, where 
teachers and nurses recorded all seizures and the 
degree of control consequent on this—that is, four 
complete control, two excellent control, two good 
control and one would not comply. Two of the 
children who obtained completé control for six 
months and then refused the diet did not relapse for 
three to six months after the diet was withdrawn. 

It is our routine to continue the diet and if 
necessary anticonvulsants for two years after the.last 
seizure. The anticonvulsant is withdrawn slowly and 
two months later the diet is stopped. 

When we see a child with numerous astatic 
myoclonic seizures in a padded bed for his-own 
protection, drooling, unable to speak or feed 
himself, and in two weeks on 48% MCT running 
around the ward, remaining free of seizures for two 
years and now off treatment for a year without 
seizures, we begin to ask ourselves if MCT Emulsion 
should be the first choice treatment for this type of 
seizure. 


We thank the nursing and dietetic staff of the paediatric units at the 
General Infirmary and St James’s University Hospital, Leeds, for 
their unfailing efforts, Mrs J Crossley and Miss H Shelton for 
secretarial help, and the nursing staff and teachers at Wharfedale 
Children's Hospital for their help with these ‘difficult’ children. 
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Mary D Sheridan (London)—Arch Dis Child 1961;36:11-16 


‘The normal acquisition in -early childhood of all the piologieslly determined skills depends upon Ana opportunity to 
explore, experiment with and learn to understand the world about him, and to realize how he relates to other people. If, 
through congenital disability or environmental deprivation, the normal methods of learning and communication are not 
available to him, he must substitute whatever means are open to him, or fail to develop his personality and his intellect. 
This biological learning appears to reach its zenith in the first two or three years of life and gradually tapers off by the age 
of 6 or 7 years, after which habits of functioning appear to be firmly fixed.’ 

Dr Sheridan classifiés and discusses the reasons for delay or failure in the development of spoken language under the 
following headings: impaired hearing; low intelligence; delayed maturation of the central nervous system; brain injury; 
psychogenic disorders; motor dysfunctions; lesions of the peripheral speech organs. ; 

‘The commonest causes of delay in the development of spoken language are deafness and mental backwardness. 
Regarding the rarer causes of delay it needs to be remembered that lesions of the central nervous system occurring in the 
first few years of life have been inflicted on plastic and rapidly growing tissues, and only time can tell whether the resulting 
damage is permanent, or capable of compensation, or open to recovery. The first five or six years are therefore critical for 
diagnosis, treatment and training.’ 


(Those who were privileged to know Mary Sheridan quickly realised that they were in the presence of an exceptional 
person, in spite of her oft repeated protestations that she was only a simple school medical officer reluctantly presenting 
her findings to-the experts. She was a true picneer and her methods of assessment, particularly in the auditory and visual 
fields, have stood the test of time. There can be few people whose researches have contributed more to the assessment 
and care of the handicapped child . . MEIL GORDON.) 
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Role of octanoic and decanoic acids in the control of 
seizures 


M A SILLS, W I FORSYTHE, AND D HAIDUKEWYCH 


General Infirmary and St James’s University Hospital, Leeds, and Epilepsy Centre of Michigan, Detroit, 
United States of America 


SUMMARY Octanoic and decanoic acid, the major constituents of the Medium Chain Triglyceride 
(MCT) Emulsion diet, have been detected in appreciable quantities in the peripheral blood of 
` children with intractable seizures treated with the MCT diet. Serum concentrations of these acids 
as well as B hydroxybutyrate and acetoacetate rose as the diet was introduced and on full diet 
showed pronounced diurnal variation and low concentrations in the morning. No correlation 
between octanoic and decanoic acid concentrations and control of seizures was established, but 
further studies with octanoic and decanoic acid using animal models are necessary to assess the 
role of these acids and of control of seizures. 


In a recent review Kupferberg reported that ex- 
perimental] animals were afforded optimal protec- 
tion against seizures induced by pentylenetrazol by 
Cg-Cj9' carboxylic acids.! 

The Medium Chain Triglyceride (MCT) diet is a 
form of neutral lipid triglyceride containing fatty 
acid molecules with a carbon chain length of 6 to 12, 
the major constituents being octanoic acid 81% and 
decanoic acid 15% (Table 1). These acids are lipid 
soluble and are absorbed rapidly from the gastroin- 
testinal tract through the portal circulation to the 
liver, where it was assumed that they were metabol- 
ised to carbon dioxide, ketone bodies, and long 
chain fatty acids with little escape into the systemic 
circulation. Linscheer et al were able, however, to 
measure octanoic acid concentrations in the blood of 
normal patients and patients. with cirrhosis after 
duodenal infusions and were surprised to find small 
amounts in the blood of the normal group.” From 
their data we have calculated the mean serum 
concentration to be about 6 pg/ml. 

Recently, we reported significant concentrations 


of both octanoic and decanoic acids in the serum of 


Table 1 Constituents of the liquidised MCT diet 


Aad % 

Hexanoke (Ce) 1] 
Octanoic ( 81-1 
Decanoic (Cio) 13-7 
Dodecanoic (C12) 2-1 


children receiving MCT Emulsion for the control of 
drug resistant seizures.” 

It seems reasonable to suggest that as these fatty 
acids occur in appreciable amounts in the peripheral 
blood, especially octanoic acid, they could have an 
effect on the central nervous system. It is-known 
that a direct isomer of octanoic acid—namely, 
valproic acid—has anticonvulsant properties. The 
results of our recent study of children receiving the 
MCT Emulsion diet has shown that four children 
with drug resistant seizures have remained free of 
seizures for six months to two years on diet alone.* 
This suggested that the diet contained agents that 
acted directly or indirectly on the control of sei- 
zures. We thought it worth while to investigate the 
role of octanoic, decanoic, 6 hydroxybutyrate, ace- 
toacetate, and alanine fatty acids in children taking 
the MCT Emulsion .diet. 


Patients and methods 


Octanoic and decanoic acids were sayed by gas 
liquid chromatography as previously described.’ 
Blood samples were collected in heparinised tubes 
and the separated plasma stored at 4°C. All samples 
were analysed blind in Detroit without the analyst 
being aware of individual clinical details. Initially, 
random morning samples were obtained before 
beginning treatment, during initial starvation, and 
on full diet. More recently we assayed concentra- 
tions at fixed times during a 24 hour period in 
children who were receiving 50-60% of their energy 
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requirements from MCT Emulsion: (i) at four 
sampling times in eight children and (ii) at five 
sampling times in a further nine children. In these 
children we estimated serum concentrations of B 
hydroxybutyrate, acetoacetate, and alanine. Two 
children were included in both studies aad a child in 
the second study had an extra sample taken at 
0409h. 


Results 
The initial morning samples produced undetectable 


concentrations of octanoic and decanoic acids in five 
children before treatment and during festing and in 
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Fig.1 Relation between serum concentrations of octanoic 
acid and increasing amounts of MCT diet. 
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Fig.2 Relation between serum concentrations of decanoic 
acid and increasing amounts of MCT diet. 


two children after withdrawal of treatment. In 
children on the MCT Emulsion diet fatty acid 
concentrations seemed to rise as the amount was 
increased until 60% of the energy requirements was 
supplied by the diet (Figs. 1 and 2). Concentrations 
of octanoic acid were higher than those of decanoic 
acid. The concentrations obtained compared with 
blood concentrations for other anticonvulsants—for 
example, sodium valproate and clonazepam. As 
there was a wide scatter of results on ‘full diet’ we 
decided to sample at fixed times during the 24 hours. 

The first study of 24 hour profiles in eight children 
at 0800, 1200, 1600, and 2000h showed a pro- 
nounced diurnal variation of concentrations of 
octanoic and decanoic acids on 50-60% MCT (Fig. 
3). In the second study of 24 hour profiles in nine 
children at five sampling times—namely, 1200, 
1600, 2000, 2400, and 0800h the next day—when the 
mean values for octanoic and decanoic acids were 
plotted the same trend was repeated (Fig. 4). A 
similar diurnal variation was seen with concentra- 
tions of B hydroxybutyrate and acetoacetate but not 
with alanine (Fig. 4). l 

In one patient the 24 hour profiles at six sampling 
times—namely, 1200, 1600, 2000, 2400, 0400, and 
0800h the next day—showed that the most rapid fall 
in octanoic and decanoic acids, B8 hydroxybutyrate, 
and acetoacetate occurred between 0400 and 0800h 
(Fig. 5). 

Clinical details for the children involved in these 
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Fig.3 Twenty four hour serum profues of concentrations 
of octanoic and decanoic acids in eight children at four 
sampling times. 
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Fig.4 Mean serum-concentrations of octanoic and decanoic acids, B hydroxybutyrate, acetoacetate, and alanine in nine 


children at five sampling times. 


two profile studies as regards age at time of study, 
duration of time since beginning the MCT Emulsion 
diet, seizure type, and effectiveness of control are 
shown in Tables 2 and 3 along with the maximum 
serum concentrations of octanoic and decanoic acids 
for each child during each profile. Effectiveness of 
control is assessed according to our reported 
results.* 


Discussion 


In our initial studies where serum samples were 
taken at unstandardised times we found the concen- 
trations of octanoic and decanoic acids to vary 
widely, but a gradual increase in concentrations 
while becoming established on the diet was sug- 
gested. We considered poor compliance a probable 
cause but wished to check if concentrations fluctu- 
ated during the day. We were surprised to find such 
a wide fluctuation in concentrations in the first 
profile series, with low morning and high afternoon 
and evening concentrations common to all patients 
even after long periods on the diet. This diurnal 
variation would suggest that octanoic and decanoic 


acids in MCT are cleared from the blood and ~ 
presumably metabolised very quickly, indicating 
that continuous or frequent administration of small 
doses of MCT would lead to more persistent 
concentrations, and this might be reflected in a 
similar change for B hydroxybutyrate and acetoace- 
tate, as our second profile series shows a similar 
diurnal variation for these ketogenic acids. 
Although a relation between control of seizures 
and B hydroxybutyrate concentrations has been 
suggested previously, we did not achieve the same 
high concentrations as Huttenlocher, but we had 
success in reducing seizures.° It may be that optimal 
control of seizures with MCT Emulsion could be 
achieved with random B hydroxybutyrate concentra- 
tions lower than those suggested by Huttenlocher.° 
The low morning concentrations were of interest, 
and we note that low morning ketone concentrations 
have been reported in children on the ketogenic diet 
and that this was the opposite to what was seen in 
normal children.° ’ The low concentrations might 
relate to our previous observation that nocturnal 
seizures were not so readily suppressed on the diet.* 
It is possible that these observations tell us how the 
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diet should be used rather than how it works. MCT 
Emulsion given at night should improve morning 
fatty acid concentrations and could reduce the 
tendency to seizures at the time. 

The 15 children involved in these profiles (Tables 
2 and 3) had a varied degree of control of seizures 


and varied types of seizures. It is thus difficult to 


draw conclusions about the relation between control 
of seizures and serum concentrations, but all chil- 
dren have optimum concentrations of actanoic acid 
in excess of 90 ug/ml and maximum concentrations 
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of decanoic acid in excess of 8 pg/ml. There was no 
clear association, however, between concentrations 
of these acids and control of seizures, seizure type, 
age of child, or duration on diet in this small series. 
A similar lack of correlation between serum concen- 
trations and control of seizures has been found with 
sodium valproate and clonazepam. 

We have therefore not been able to show any 
definite relation between fatty acid concentrations 
and control of seizures, but it would not be 
unreasonable to suppose that octanoic and decanoic 
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Fig.5 Twenty four hour serum profiles of concentrations of octanoic and decanoic acids, B hydroxybutyrate, acetoacetate, 


and alanine in a patient on full MCT diet at six sampling times. 


Table 2 Clinical information for the eight patients in Figure 3 


Case no Age (years) Diagnosis Seizure control Maximum concentration (pg/ml) 
Octanoic Decanoic 
acid acid 

l 9 Grand mal Good 98-2 12-2 

2 3 Astatic myoclonic Complete 104-7 24:5 

3 10 Grand mal Good 157-7 22-6 

4 So Astatic myoclonic Complete 134-9 22-4 

5 4 Astatic myocioniz Excellent 149-4 26-6 

6 li Petit mal Excellent 109-5 15-8 

7 13 Temporal lobe Good 101-7 20-6 

8 13 Petit mal Excellent 137-7 70-1 


Seizure control: Compkete=100% reduction in seizures; Excellent=90-100% reduction, Good=50-90% reduction; and Poor= <50% reduction. 
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Table 3 Biochemical data for the nine children in Figure 4 





Case no Age (years) Diagnosis Seizure control Maximum concentration (g/ml) 
Octanoic Decanote 
acid acid 

l 12 Grandi mal Good 1362 34-4 

2 2 Temporal lobe Complete 124-0) 29-4 

3 7 Temporal lobe Poor 151-0 33-6 

4 14 Grand mal Good 123-3 8-0 

5 11 Petit mal Excellent 123-5 15-2 

6 10 Grand mal Good 175-1 35-5 

7 5 Astatic myoclonic Complete 258-9 . 6 

8 13 Astatic myoclonic Excellent 100-6 23-2 

9 g Temporal iobe Poor Samples misiaid* 


Seizure control: Completes 100% reduction in seizures; Excellent=90-100% reduction, Good= 50-90% reduction; and Poor=<50% reduction. 
*Results for acetoacetate, alanine. and P hydroxybutyrate are available for this patient, however, and are included in Figure 4, 


acids could have some influence on seizure dis- 
charge, and we think this justifies further investiga- 
tion. 


Conclusions 


Our biochemical investigations led us to the follow- 
ing conclusions. 

(1) Octanoic and decanoic acids occur in the 
peripheral blood in appreciable amounts in children 
receiving MCT Emulsion and are therefore not fully 
metabolised in the liver. 

(2) There was a definite trend for concentrations 
of octanoic and decanoic acids to rise with an 
increasing amount of MCT Emulsion. 

(3) The concentrations of these acids vary widely 
during the day and fall rapidly after the last evening 
dose of MCT, suggesting a short half life. 

(4) Similar diurnal variations of B hydroxy- 
butyrate and acetoacetate were seen and these may 
follow rather than precede the changes in octanoic 
and decanoic acids. 
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Effect of tracheobronchial suction on respiratory 
resistance in intubated preterm babies 


A PRENDIVILLE, A THOMSON, AND M SILVERMAN 


Department of Paediatrics and Neonatal Medicine, Royal Postgraduate Medical School, Hammersmith 
Hespital, London 


SUMMARY Measurements of the resistance, time constant, and compliance of the respiratory 
system were made in 25 mechanically ventilated, preterm.babies on 32 occasions, using the single 
breath technique. Patients were classified according to the level of respiratory resistance by 
reference to a population of 36 babies studied over the first two days of life before airway 
secretions had become apparent. There was a highly significant fall in both the resistance and 
time constant measurements after tracheobronchial suction or lavage for infants whose 
pretreatment values of resistance were greater than the reference mean. When tracheobronchial 
toilet was effective in removing secretions the changes in resistance and time constant values were 
again significant. No changes in compliance values were noted. Severe but clinically inapparent 
mucous obstruction of the airways was revealed in two infants by a progressively rising 
respiratory system resistance during. continuous monitoring. The need for and efficacy of 


tracheobronchial suction and lavage could be determined by such techniques for monitoring the 
resistance of the respiratory system during mechanical ventilation. 


Routine tracheobronchial suction and lavage are 
carried out during mechanical ventilation in many 
neonatal intensive care units. Neither the indica- 
tions for beginning these procedures nor their 
optimal frequency has been established. There is 
now growing evidence to suggest that the adverse 
side effects of suction or lavage; such as transient 
bacteraemia,’ increased intracranial pressure,” 
diminished mucociliary transport,’ and airway 
inflammation,* may be considerable. In addition, 
there exists the obvious disturbance to ventilation 
during the procedure. 

In the extreme situation where the airway is 
almost totally occluded by mucus endotracheal 
suction produces obvious and rapid clinical benefit. 
Lesser degrees of mucous obstruction are, however, 
notoriously difficult to identify in the usual clinical 
setting. Moreover, using existing techniques, the 
beneficial effects of chest physiotherapy and suction 
have been difficult to establish." 

We therefore set out to try and predict the 
optimal timing and mechanical benefits of tracheo- 
bronchial suction or lavage, by using single breath 
measurements of lung mechanics’ to measure the 
compliance, resistance, and time constant of the 
respiratory system before and after tracheobron- 


chial toilet in infants with and without clinically 
obvious airways secretions. 


Patients and methods 


Patients. To establish a reference range of values of 
resistance of the respiratory system in intubated, 
mechanically ventilated, preterm babies 36 babies 
were studied towards the end of day one of life and 
21 babies on day 2 of life. Data collected on days 1 
and 2 of life were used because at this stage there 
was no evidence of appreciable secretions. Mean 
(SD) gestational age was 29-5 (3-6) weeks and mean 
(SD) birth weight 1370 (740) g. The babies were 
divided into two clinical groups: 

(1) 25 babies with presumed hyaline membrane 
disease defined clinically and radiologically; 

(2) 11 babies ventilated for non-respiratory or 
non-cardiac problems who had no clinical or 
radiological evidence of respiratory disease. 

The study group consisted of 25 babies of mean 
(SD) gestational age 30-6 (4-9) weeks and mean 
(SD) birth weight 1440 (700) g. They were studied 
on 32 occasions after the second day of life. All 
these babies were receiving routine ventilator care, 
including regular tracheobronchial suction. Some in 
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whom there was a particular clinical indication— 
that is, large amounts of secretions—were being 
given additional bronchial lavage. The tests were 
timed to coincide with routine suction or lavage 
procedures. 


Lung mechanics. All babies had been intubated with 
a 2-5-3-5 Coles tube (Portex) and ventilated with a 
‘ pressure limited time cycled ventilator (Vickers 
Neovent or SLE Newborn). The rate of ventilation 
was increased until spontaneous respiratory effort 
was abolished as judged by a uniform run of 
inspiratory and expiratory volume plateaux in re- 
sponse to.the ventilator pressure plateaux. Endo- 
tracheal tube gas flow was measured using a double 
pneumotachograph system® linear to at least 12 
l/min placed in the bias flow pathway on either side 
of the infant’s endotracheal tube. The pneumo- 
tachographs and their transducers (Validyne MP45) 
were carefully balanced electronically so that the 
difference between the signals was zero with no flow 
through the endoctracheal tube. The difference 
signal during a measurement was thus the baby’s 
tidal flow. 

Airway opening pressure was measured at the 
oral end of the endotracheal tube using an SE Labs 
1150 pressure transducer. Flow and pressure signals 
were fed through an Emma 4001 amplifier system 
and recorded simultaneously on a UV chart recor- 
der (SE Labs) and after digitisation at 100 Hz per 
channel on a microcomputer (Apple II). Flow was 
passively integrated to give a volume signal on the 
chart recorder and digitally intégrated by micro- 
computer. 

Recordings were taken of airway opening press- 
ure and flow during mechanical ventilation for at 
least two periods of 30 seconds at 10 minute 
intervals. The flow and volume signals were dis- 
played on the visual display unit of the microcom- 
puter and the values of flow and volume between 
50% and 97% of the total expired volume were 
submitted to linear regression analysis to obtain the 
slope of the flow-volume relation, which is equival- 
ent to the time constant of the respiratory system 
under passive conditions.’ Compliance of the res- 
piratory system was the ratio of the expired tidal 
volume, corrected if necessary for incomplete 
expiration, ? to the measured peak to end expiratory 
difference in airway opening pressure. 

From the values of compliance (C,,) and time 
constant (T,,), resistance (Ra) was calculated as 


follows: 
To= CeX Ra; RaT Crs 
Mean values of time constant, compliance, and 
resistance were derived from analysis of between 
three and 12 breaths from each 30 second sample. 
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Mean coefficients of variation of compliance, re- 
sistance, and time constant by our technique are 
2°3%, 5-7%, and 5-7%, respectively. 

We did not subtract the endotracheal ‘tube 
resistance from the measured respiratory system 
resistance: as functionally the endotracheal tube 
forms part of the infant’s airway. 


Endotracheal tube suction and lavage. Suction was 
carried out using a size 6 FG catheter with side hole 
and end holes (Portex), which was introduced 
through the endotracheal tube, passed as far as 
easily possible, and then withdrawn by 0-5 cm. 
Suction was then applied during withdrawal using 
negative pressures no more thdn 40 cmH,0O. If 
secretions were noted in the catheter the procedure 
was repeated once. The baby was then reconnected 
to the ventilator and after a period of five minutes at 
the pre-existing settings the measurements of lung 
mechanics were repeated. 

In the lavage group the same procedure was 
followed after introducing 0-5 ml normal saline 
down the endotracheal tube, reconnecting the baby 
to the ventilátor for five breaths, and then following 
the suction procedure described above except that in 
this group the procedure was always repeated at 
least once. 

Most measurements were made before and afier 
routine suction or lavage. Occasionally, during the 
course of a study, values of resistance, which were 
being continuously updated by computer analysis, 
were found to be progressively increasing. 
Appropriate action was taken and in two cases the 
individual data are described in detail. 


Analysis. As the. reference values of resistance, 
compliance, and time constant of the respiratory 
system on the first two days of life were shown to 
have a log normal distribution all analysis was 
performed after logarithmic transformation. Paired 
t tests were used to compare the before and after 
suction or lavage. Data from infants with or without 
obvious secretions were analysed separately. 


Results 


In the reference population there was little differ- 
ence between the mean values of respiratory system 
resistance of babies with hyaline membrane disease 
or without respiratory disease on either the first or 
second days of life. Overall, the combined data gave 
a mean value of resistance of 195 cmH,O/l/sec 
(confidence limits 66-562 cmH ,O/l/sec) for the 
reference group of intubated babies during the first 
two days of life. 

When the study group was classified according to 
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the pretreatment value of resistarice there were 
striking differences in the effect of endotracheal 
tube suction and lavage on respiratory system 
mechanics (Table -1). If the initial resistance was 
greater than the mean reference value for days one 
and two of life (Table 1 group D) there was a highly 
significant drop in resistance and time constant 
values after suction or lavage, whereas compliance 
values were unaltered. The changes in resistance 
were most striking for those groups of infants whose 
pretreatment resistance was highest (Table 1 
groups A and B). When the pretreatment resist- 
ance values were less than the mean reference 
values, however, there was no measurable benefit 


from suction or lavage. The group as a whole had a 
highly significant decrease in resistance and time 
constant after tracheobronchial suction or lavage 
but no change in compliance (Table 1). 

There were pronounced differences in the effect 
of suction or lavage on lung mechanics, according to 
whether. or not the procedures were effective in 
removing airway secretions (Table 2, Fig. 1). Simple 
endotracheal tube suction had a just significant 
effect on resistance and time constant when obvious 
secretions were obtained. When secretions were 
obtained by bronchial lavage on the other hand 
resistance fell markedly along with time constant. 
After ineffective bronchial lavage there was a 


Table 1 Effects of endotracheal suction or lavage according to pretreatment total respiratory resistance. Values are mean 


(95% -confidence limits) for pre- and post-treatment 








Group Pretreatment A Respiratory system 
respiratory 
resistance Resistance (anH2Ollisec) Time constant (sec) Compliance (mlicmH 70) 

Pre Post Pre Post Pre Post 

A More than 25D 4 691 352 0-30 0-18 0-52 0-53 
above reference (610,783) (181 ,684)* ‘(0-16,0-54) (0-12,0-26) - (0-23,1-17) (0-39,0-72) 
mean 

‘B Between | and 4 34 263 9-22 ` 9-09 0-44 0-37 
28D above | (310,498) (201,343)* (6-09,0-51) (0-04,0-20)°* (0-27,0-74) (0-17,0-78) 
reference mean 

C- ‘. Up to 15D 9 251 - 224 0-16 14 0-63 0-64 
above reference (201.313) (170,295)* (0-06,0-44) (0-07 ,0-30) (0-22,1:76) (0-28,1.43) 
mean ; 

D All patients 17 355 257 0-20 0-14 0-55 0-54 
greater than (153,824) (149,445)** (0-07 0-25) (0-06,0-31)** (0-22,1.46) (0-23,1-24) 
reference mean 

E All patinu 15 120 137 Li 0-09 0-68 0-67 
lese than (37,393) (73,257) (8-05,0-45) (0-02,0-32) {0-17,2-74) (0-16,2-71)} 
reference mean 

F All patients 32s R4 191 0-13 0-11 0-61 0-60 

(67,745) (80,453)"* (0-03 0-53) (0-04,0-35)** (0-18,2-01)- (0-19,1-89) . 


"p<0-05, **p<0-01, by r test. Other differences not significant. Log values of respiratory system resistance, time constant, compliance were used in the statistical 
analysis. 


Table 2 Effects of endotracheal suction or lavage according to presence or absence of obvious mucus secretions. Values 


are mean (95% confidence limits) for pre- and post-treatment 


Procedure Secretions a Respiratcry system 
obsained ` 
Resistance (crnH2Oilisec) Time constant (sec) Compliance (ml/cmH20) 
Pre Post Pre Post Pre Post 
Suction + 8 214 174 0-20 0-14 0-88 0-83 
oy (88,520) (88,342)* (0-06,0-60) (0-04,0-51)* (0-19,4-06) (0-16,4-10) 
O 11 82 178 0-09 0-51 0-49 
(84,396) (87,361) (0-03 ,0-29) ote (0-21,1-25) (0-18,1-18) 
bo oy Combined 19 195 178 0-13 0-64 0-61 
- ‘ (84,455) (89,356) (0-03,0-50) os ,0-36)* (0-17,2-40) (0-16,2.36) 
Lavage + 7 261 1 0-53 0-51 
n? (132,1578) a (0-07 ,0-66) (004 0-37)"* Vipi (0-41,0-66) 
a =O 6 158 10 0-65 
l . (74,340) 01318) (0-04,0-57) (0-05 O27). or 19,2-06) (0-22,1-91) 
Combined Bo. 275 ©- 0-12 0-57 
. : (62,1219) 77.594)" (0-04 0-56) (0-04,0-32) ASN (0-26,1-26) 





*p<0-05, **p<0-01, by t test. Other differences not significant. Log values of respiratory system resistance, time constant, and compliance were used in the 


stztistical analysis, 


Effect of tracheobronchial suction on respiratory resistance in intubated preterm babies - 
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Fig. 1 Changes in respiratory system resistance after 
suction (circles) and lavage (squares) according to whether 
secretions were obtained (closed symbols) or were not 
obtained (open symbols). There was a significant reduction 
in resistance when secretions were obtained by lavage 
(p<0-01) or suction (p<0-05). 


tendency for resistance to increase. Although there 
was a tendency for compliance to fall slightly after 
both procedures, no change was significant. 
During the periods of continuous monitoring 
pronounced and consistent individual increases in 
resistance were occasionally seen, responding to 
tracheobronchial lavage (Fig. 2). In one individual 
an alarming increase in resistance indicated an 
urgent need to change a blocked endotracheal tube 


(Fig. 3). 
Discussion 


The adaptation of the single breath technique 
described by Zin et al’ has provided a non-invasive 
means of monitoring the total respiratory system 
resistance. We have used this method to assess the 
timing and efficacy’ of routine tracheobronchial 
suction and lavage. Both of these procedures were 
effective in reducing resistance in patients whose 
resistance was abnormally high and in patients from 
whom visible secretions were removed by the 
procedures. 

To obtain reference values for- sesistance in 
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Fig.2 Changes in respiratory system resistance and 
transcutaneous oxygen tension (P,.O2) in one infant during 
35 minutes of continuous monitoring. A sudden increase in 
resistance was restored to normal by bronchial lavage 
(indicated by PM): 
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Fig.3 Progressive rise in respiratory system resistance, and 
transcutaneous oxygen tension (P,,O2) in one infant during 
20 minutes of continuous monitoring. When removed 
(indicated by the arrow) the endotracheal tube was-found to 
be completely occluded by mucus. , . nn 
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intubated babies we studied a mixed group of 
mechanically ventilated, preterm infants over the 
first two days of life. The mean values of resistance 
were remarkably similar for infants with hyaline 
membrane disease and those with no respiratory 
tract disease and were close to the few published 
values for infants of this size." While it is clear 
that smaller babies (with smaller airways and 
smaller endotracheal tubes) must have higher values 
of resistance than larger infants, the range of ages of 
infants in our reference sample was not large enough 
to provide size related values. Nor has any attempt 
been made to subtract endotracheal tube resistance 
as the tube is functionally a very important and 
easily obstructed part of the infant airway. The 
‘correction’ for tube resistance would tn any case be 
complex as tube resistance is flow dependent. 
Interestingly, despite this pronounced change in 
tube resistance with flow, in most cases the end 
expiratory flow-volume curves were linear, implying 
a single value for the time constant. It is known that 
the airways resistance tends to increase as the lungs 
deflate.'! By coincidence, it seems that this effect 
may be balanced by the reduction in endoctracheal 
tube resistance as flow rates diminish curing expira- 
tion. 

By taking babies in their first two days of life, all 
of necessity older than 12-15 hours, as the reference 
population, we hoped to control for all the variables 
that might affect resistance, with the exception of 
airway secretions, which appear clinically to be 
unusual during the first two days ef mechanical 
ventilation in preterm infants. The values of resis- 
tance obtained provided a useful basis for predicting 
the benefits of suction or lavage and in the babies 
who did require such treatment an increase in 
resistance was usually noted before changes in 
arterial oxygenation (Fig. 2), although it is possible 
that arterial carbon dioxide tension might have been 
a more useful indicator of decreased alveolar 
ventilation. We attribute the late changes in oxygen 
tension, even with quite large increases in resis- 
tance, to the very short expiratory time constants 
found in these babies. 

In babies with airways disease this technique of 
measuring respiratory resistance has several dis- 
advantages. Firstly, all babies with external air leaks 
such as pneumothoraces had to be excluded from 
analysis. Two babies were found to have leaks 
around their endotracheal tubes, as indicated by 
their failure to maintain an inspiratory volume 
plateau. Their data were also excluded from analy- 
sis. Secondly, this system could not be used for more 
than four continuous hours in the ventilator circuit 
because of condensation in the ventilator tubing, 
which affected the accuracy of the pneumotacho- 


graphs. Thus continuous monitoring of resistance 
was not possible. Thirdly, in a small number of 
babies the relation between flow and volume be- 
tween 50 and 97% of expired volume was not linear 
and therefore it was not possible to give a single 
value to resistance. It may be possible. however, to 
obtain some indication of respiratory resistance in 
such babies by observing the shape of the curve. 
Abnormally high resistance would be indicated by a 
flow-volume curve with a convex configuration 
towards the origin. 

A major disadvantage is the need for passive 
expiration. Without oesophageal monitoring it may 
be impossible to exclude completely all respiratory 
effort. A linear expiratory flow-volume curve goes 
some way to confirming relaxation in intubated 
babies. The procedure that we sometimes used of 
hyperventilation to achieve apnoea by hypocapnia 
might affect resistance by altering bronchomotor 
tone.'* This effect is likely to be trivial compared 
with the resistance changes due to secretions and 
their treatment. In spite of these potential draw- 
backs, we were able to make reproducible baseline 
measurements of lung mechanics using the single 
breath technique in babies with severe degrees of 
airways obstruction and to show changes after 
tracheobronchial toilet. Others have provided in- 
formation using the same technique on the changes 
in resistance after extubation in the neonatal 
period.” 

The benefits of tracheobronchial toilet were not 
universal. A balance is required between the poten- 
tial benefits of removal of secretions (improved 
overall mechanical ventilation and more even dis- 
tribution of ventilation) and the potential adverse 
affects (hypercapnia and hypoxia resulting from 
temporary ventilator disconnection, fall in com- 
pliance due to removal of positive pressure. and 
displacement of secretions into peripheral airways). 
When secretions were not obtained there was no 
change in resistance. One explanation ts that the 
procedure itself was ineffective. This is unlikely as 
the mean value of resistance in the groups from 
whom no secretions were obtained after suction or 
lavage (Table 2) was close to the reference range. It 
seems likely, therefore, that these infants did not 
require ‘routine’ suction or lavage, with its potential 
adverse effects. 

The level of resistance, in relation to a reference 
population, was a useful way of identifying patients 
with appreciable airway obstruction. After treat- 
ment resistance was almost halved in those with 
pretreatment values above the range of reference 
group. The change in time constant values was 
equally striking and of great clinical importance in 
this mechanically ventilated group. 
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The time constant indicates the rate of emptying 
of the lungs, assuming exponential flow. Thus the 
shorter the time constant the more rapidly expira- 
tion is completed. The value of the time constant is 
therefore vitally important during mechanical ven- 
tilation; a long time constant due to mucous 
obstruction, for instance, may cause air trapping 
during rapid frequency ventilation if the expiratory 
time is short. 

The group with the most severe airways obstruc- 
tion (Table 1) had a mean time constant of 0-30 
seconds. The extent of passive expiration depends 
only on the time constant and duration of expira- 
tion: 97% of the total volume is exhaled in'3 x time 
constant. For infants with a time constant of over 
0-30 seconds expiratory times of under 0-9 seconds 
may lead to air trapping. The current fashion for 
‘higher rates of mechanical ventilation might be 
hazardous in such patients. The fall in mean time 
constant to 0-12 seconds after tracheobronchial 
toilet was another measure of the success of the 
procedure. 

There were no significant changes in compliance 
after any procedure. This is reassuring as both 
ventilator disconnection (by reducing the inflation 
pressure on the lungs) and displacement of secre- 
tions into peripheral parts of the lung might be 
expected to result in a fall in compliance. As 
compliance did not change and we made our 
measurements before and after suction under iden- 
tical ventilator settings we assume that lung volume 
was also identical. 

Potentially, continuous monitoring of resistance 
could obviate the sorts of crisis illustrated in Figure 
3. The ideal equipment does not exist for measuring 
endotracheal tube flow, although it may be possible 
to obtain an index of resistance without inserting 
any device into the flow pathway.’ We have 
indicated the potential advantages of continuous 
assessment of respiratory system resistance and the 
efficacy of a simple technique of tracheobronchial 
toilet. In the future a.more satisfactory system for 
the long term monitoring of lung mechanics during 
mechanical ventilation may provide the basis for 
comparing different techniques of tracheobronchial 
care. 
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Asthma education, by community child health nurses 


E A MITCHELL, V FERGUSON, AND M NORWOOD 
Department of Health, South Auckland Health District, Manukau City, Auckland, New Zealand 


SUMMARY A randomised controlled study of an educational programme for children with 
asthma and.-their families was carried out by community child health nurses. Three hundred and 
sixty eight children aged 2 to 14 years were enrolled in the study after admission to hospital for 
asthma. The intervention group was visited monthly by a nurse for six months. The subjects were 
assessed six months later by a postal, self administered questionnaire. European children in the 
intervention group were taking significantly more drugs for the treatment of asthma six months 
after the index admission to hospital than those in the control group (mean (SD) intake 2-7 (1-1) 
v 2-1 (1-0), respectively). In particular, they were using more theophylline (56-6% v 37-0%) and 
inhaled steroids (34-9% v 21-0%). There was no difference between the groups for parental 
reports of improvement, of missed schooling, and in severe attacks of asthma of not responding 
to the usual treatment at home. European children in the intervention group used the hospital 
services for severe attacks of asthma more than controls (34:2% v 10:5%). There were more re- 
admissions in the European intervention group in the subsequent six months after the index 
admission than in the control group (mean (SD) 0:51 (0-97) v 0-29 (0-65)). Re-admission 
continued to be higher in the 12 months after the nurse had stopped visiting (0:81 (1-65) v 0-25 
(0-65)). There was no difference in the duration of hospital stay between the intervention and 
control groups. For Polynesian children there was no Gutercnce between the groups for any 


outcome measures. 


Rates of admission to hospital for asthma in the 0-14 
year age group have increased strikingly since the 
mid-1960s in New Zealand, the United States, 
Canada, England and Wales, and Australia.t Part of 
this increase is due to an increase in the re-admission 
rate.2* In New Zealand both admission and re- 
admission rates are higher in Polynesian than in 
European children.* 

_An earlier study in Auckland showed that, com- 
pared with Europeans, Polynesians were using less 
drugs for asthma, particularly those used for 
prophylaxis, were more likely to run out of medica- 
tion, and were referred to hospital more often by the 
accident and emergency department and less often 
by.their general practitioner.’ In England there has 
been a shift in the care of patients with asthma from 
primary care towards the hospital and also an 
increase in the number of self referred patients. ° 
These patients tended to have less severe asthma on 
admission than patients referred by their general 
practitioner. 

Asthma is underdiagnosed and undertreated,° 
and many paediatric admissions to hospital for 
asthma are, in some way, related to improper action 


taken by the patient, his family, or the health care 
professional.’ 8 A recently reported intensive prog- 
ramme designed to teach self management skills to 
13 children with asthma and their parents by a 
specially trained nurse educator resulted in fewer 
admissions to hospital and emergency room visits 
compared with 13 control patients, less school 
absenteeism, and fewer attacks of asthma.” 
Although this programme has been shown to be 
effective, it would be expensive to implement for all 
patients with asthma. 

The purpose of this study was to determine 
whether additional education of children with 
asthma and their parents by community child health 
nurses* in the patients’ homes could alter the course 
of their disease. The specific aims of the study were 
to reduce school absenteeism, to encourage visits to 
their general practitioner, to reduce the number of 
re-admissions to hospital and to teach parents and 
the child when to start additional treatment and 
when to seek medical help for the attack of asthma 
not responding to the usual treatment. 


"Strictly speaking, the nurses were Pau health nurses employed 
by the Department of Health. 


1184 


Asthma education by community child health nurses 1185 


Patients and methods 


Patients discharged from the paediatric medical 
wards of Auckland Hospital for asthma (ICD 493) 
over a one year period (from 15 April 1983 to 14 
April 1984) were entered into the study. Patients 
aged less than 2 years and patients whose home was 
outside the hospital catchment area were excluded. 
A small number of patients with asthma who had 
had previous life threatening attacks were also 
excluded. All parents of the subjects completed a 
questionnaire on admission, which was based on 
previously published questionnaires concerning the 
child’s medical history and social characteristics of 
the family. ® H 

Patients were divided into two ethnic groups, (1) 

Polynesians, which included Maoris and Polynesian 
Pacific Islanders, and (2) Europeans, because there 
are considerable differences in the medical manage- 
ment of their asthma, rates of re-admission, and 
socioeconomic state.* * Other ethnic groups were 
excluded. They were then randomised into an 
intervention or control group at the time of dis- 
charge from hospital. The patients and their families 
in the intervention group were visited monthly by a 
community child health nurse for six months. The 
intervention programme performed by the child 
health nurse was as follows. 

(a) An explanation of the anatomy, pulmonary 
physiology, and pathophysiology of the lung 
and of the factors that can provoke asthma— 
for example, allergies, infections, exercise, 
and emotions. 

(b) A description of the drugs used in asthma, 
especially those drugs prescribed for the 
child. 

(c) Emphasis of the importance of avoiding stim- 
uli that may provoke asthma and controlling 
the patients environment—for example, 
measures to avoid home dust. 

(d) A check on drug compliance (inspection of 
the contents of bottles of medicine to ensure 
drugs do not run out) and correct use of 
aerosols. 

(e) Encouragement to attend follow up clinic 
visits to either the paediatrician at the 
paediatric outpatient clinic, if arranged, or to 
their general practitioner. 

(f) Encouragement to consult their general prac- 
titioner rather than the accident and 
emergency department in the event of an 
attack of asthma not responding to treatment 
with bronchodilator at home. 

No attempt was made to influence the type of 

treatment given to the child or the type of follow up 
received. The nurses contacted the child’s general 


practitioner, however, to inform him of their in- 
volvement and to obtain up to date information on 
the patient and his family. The nurses were asked to 
keep a record of the number of patient/family 
contacts but were not asked to collect any other 
data. 

Six months after discharge A Hospital the 
child’s progress and current management and family 
attitudes to their child’s asthma and its management 
were examined, using a postal, self administered 
questionnaire. If a reply was not received a further 
copy of the questionnaire was sent. There were no 
further attempts after this to contact the family. In 
addition, the number of re-admissions and_ the 
duration of each re-admission to hospital for the six 
months after the index admission when the child 
health nurse was visiting and for the 12 months after 
the nurse had stopped visiting (six to 18 months after 
the index admission) were extracted from the 
hospital records. The last patient completed the 18 
months’ follow up on 14 October 1985. 

Results are expressed as mean (SD) and were 
analysed using standard parametric and non- 
parametric tests of significance. 

The study was approved by the Auckland Hospi- 
tal ethical committee. 


Results 


Three hundred and sixty eight patients were entered 
into the study, of whom 200 were European and 168 
Polynesian. There were 94 European children in the 
intervention group and 106 in the control group and 
84 Polynesian children in both the intervention and 
control groups. 

The age and sex ratio of European children 
(6:1 (3-4) years, male:female ratio 1-4:1) did not 
differ from that of Polynesian children (5-5 (3-0) 
years, 1-6:1). European children were significantly 
socioeconomically advantaged compared with 
Polynesians, as measured by the occupations of the 
parents, home ownership, and having their own 
bedrooms. On admission to hospital European 
children were taking a larger number of medications 
for asthma than Polynesians (1-8 (1-2) v 1-4 (1:3), 
respectively, p<Q-001), and were significantly more 
likely to be taking cromoglycate, inhaled steroids, 
and sympathomimetics.. 

The child health nurses returned visit ionber on 
135 intervention patients (76%). Of the returns, 
eight (6%) had no visits as the families could not be 
located, 35 (26%) had some but not all six of the 
monthly visits, and 92 (68%) had all six of the 
monthly visits. 

Parents of the European children in the interven- 
tion group were more likely to return the second 


1186 Mitchell, Ferguson, and Norwood 


questionnaire than parents in the control group 
(88% v 76%, respectively, p=0-029). The respective 
percentage returns for Polynesians were 60% and 
54% (not significant). | 

Tables 1 and 2 summarise the results of the 
- intervention for the European and Polynesian chil- 
dren, respectively. European children in the in- 
tervention group were taking significantly more 
drugs for the treatment of asthma six months after 
the index admission to hospital than those in the 
control group (2:7 (1-1) v 2-1 (1-0), respectively, 
p<0-001). In particular, they were taking more 
theophylline (57% v 37%, p=0-012) and inhaled 
steroids (35% v 21%, p=0-047). There was no 
difference between the groups for parental reports 
of improvement, of missed schooling, and in severe 
attacks of asthma of not responding to the usual 
treatment at home. If the child had an attack of 


asthma not responding to usual treatment they were 
more likely to be taken to a general practitioner 
rather than the hospital (including the accident and 
emergency departments or directly to the children’s 
wards), but the intervention group used the hospital 
service for primary care more often than the control 
group (34% v 11%, p=0-043). There were more re- 
admissions in the European intervention group in 
the subsequent six months after the index admission 
than in the control group (0-51 (0-97) v 0-29 (0-65), 
p=0-067), although the number of patients re- 
admitted in the intervention group did not signifi- 
cantly differ from the control group (30% v 21%). 
In the next 12 months, six to 18 months after the 
index admission, more patients were re-admitted 
from the intervention group than from the control 
group (32% v 16%, p=0-008) and the number of re- 
admissions was also greater (0-81 (1-65) v 0-25 


Table 1 Progress at six and 18 months after index admission to hospital for European children with asthma. Values are 


No (%) unless otherwise stated 


Six months after index admission 
Current asthma drug treatment: 
Nil 
Mean (SD) No 
Sympathomimetics: 


As required P: 
Ozal steroids: 
Regular 
As required 
Inhaled steroids: 
Regular 
As required 
Other (ipratropium, antibiotics, cough mixture, antihistamines) 
Improved (%) . 
Asthma attack not responding to usual treatment at home (%) 
Where this attack was treated (%): 
General practice 
Hospital 
Other 
Mean (SD) days off school in previous six months 
Child knows how to prevent an attack of asthma (%) 
Parent knows when to start additional treatment (%) 
Parent knows when to seck further medical advice (%) 


Re-admissions in six months after index admission 

% Of patients 

Mean (SD) of re-admissions 

Mean (SD) duration of hospital stay (days) 

Re-admiszsions between six and 18 months after index admission 
% Of patients 

Mean (SD) of rc-admisstons 

Mcan (SD) duration of hospital stay (days) 


NS=Not significant. 


Treatment group 


Intervention Control p Value 
(n=83) (n=8i) 
o (0) 6 (7) 0-012 
2-7 (1-1) 2-1 (1-0) 0-001 
42 (51) 33 (41) _ NS 
58 (70) 49 (61) . NS 
76 (92) 69 (85) NS 
23 (28) 14 (17) NS 
25 (30) 16 (20) NS 
47 (57) 30. (37) 0-012 
36 (43) 31 (38) NS 
2 (2) 4 (5) NS 
3 (4) D (0) NS 
2Q 3 (4) NS 
29 (35) 17 (21) 0-047 
i (1) 2 (3) NS 
10 (12) 5 (6) NS 
16 NS 
48 46 NS 
61 84 
34 i 
5 0-043 
8-6 (15-1) 6-3 (8-8) NS 
30 NS 
% 98 NS 
98 99 NS 
(n=94) l (n=106) 
30 21 NS 
0-51 (0-97) 0-29 (0-65) 0-067 
4-0 (7-7) 2:5 (1-5) NS 
(n=94) (n= 106) 
32 16 0-008 
0-81 (1-65) 0-25 (0-65) 0-003 
3-1 (2-4) 3-1 (2-4) NS 
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Table 2 Progress at six and 18 months after index admission to hospital for Polynesian children. with asthma. Values are 


-No (%) unless otherwise stated 





Treatment group 





lruervention Control p Value 
Six months after index admission (n= 50} (n=45) 
Current asthma drug treatment: 
Nil z 3 (6) $ (11) NS 
Mean (SD) No 2-0 (1-16) 1-98 (1-96) NS 
Sympathomimetics: 
Regular 25 (50) 14 (31) NS 
As required 20 (40) 28 (62) . 0-031 
Total 40 (80) 34 (76) NS 
Theophylline . 
Rogular 14 (28) 9 (20) NS 
As required 9 (18) 11 (24) NS 
Total 23 (46) 19 (42) NS 
Cromoglycate 
F 15 (30) 10 (22) NS 
As required 3 (6) 1 (2) NS 
Oral steroids: 
Regular 0 (0) 0 (0) NS 
As 1 8) 1 Q) NS 
Inhaled steroids 
Regular 11 (22) 11 (24) NS 
As required 0 (0) 1 (2) NS 
Other (ipratropium, antibiotics, cough mixture, antihistamines) 3 (6) 4 (9) 
Improved (%)} 86 82 NS 
Asthma attack not responding to usual treatment at home (%) 49 44 NS 
Where this attack was treated (%): 
General practice 47 65 
Hospital 47 30 
Other 7 NS 
Mean (SD) days off school in previous six months &8 (6-6) 12:4 (25-2) NS 
Child knows how to prevent an attack of asthma (%) 8 . NS 
Parent knows when to start additional treatment (%) 96 98 NS 
Parent knows when to seek further medical advice (%) 95 %8 NS 
Re-admissions in six months after index admission (n=84) (n= 84) 
% Of patients 32 27 NS 
Mean (SD) of re-admissions 0-48 (0-83) 0-38 (0-71) NS 
Mean (SD) duration of hospital stay (days) 2-7 (1-4) 3-5 (2-6) NS 
Re-admissions between six and 18 months after index admission (n=84) (n= 84) 
% Of patients 32 33 NS 
Mean (SD) of re-admissions 0-69 (1:34 0-57 (1-10) NS 
Mean (SD) duration of hospital stay (days) 4:3 (3-9) 3-3 (2-1) NS 


NS=Not significant. 


(0-65), p=0-003), but there was no difference in the 
duration of hospital stay. There were no deaths in 
either group. 

For Polynesian children there was no difference 
between the intervenfion and control groups for any 
of the outcome measures made six months after the 
index admission. Also there was no difference 
between the groups in re-admissions or duration of 
hospital stay six to 18 months after the index 
admission. Again there were no deaths in either 


group. 
Discussion 


Asthma is one of the most common diseases in 
childhood. Estimates of the prevalence of asthma in 
New Zealand have yielded results ranging from 
1:9% to 25%," and this seems to be increasing.’ 

This difference almost certainly reflects differences 


in the classification of asthma and wheeze. Although 
death is rare in childhood," it is an important cause 
of admission to hospital’ and morbidity.° © Com- 
munity studies show that asthma is underdiagnosed 
and undertreated® Y and that children with asthma 
are also often absent from school because of ill 
health.” 1! 

In this study the children were having frequent 
attacks of asthma (an average of 13 each year, 
lasting on average two days), were missing an 
average of three and a half weeks of school because 
of asthma, and by the completion of the study had 
had an average of 5:3 admissions to hospital for 
asthma. 

In New Zealand in 1983 there were 5240 admis- 
sions in the 0-14 year age group, a rate of 634 per 
100 000 population.’ ? Re- admissions for asthma are 
common and are increasing. 4 Rate of re- 
admission are higher in Polynesian than European 
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children.* This study confirms this finding; 49% of 
European children were first admissions for asthma 
compared with only 31% of Polynesian children. 
A reduction in the rates of re-admission would 
markedly reduce the total number of admissions to 
hospital for asthma. l 

Teaching self management skills to children with 
asthma and their parents by a specially trained nurse 
educator is effective in reducing admissions to 
hospital for and morbidity from asthma.’ Providing 
such a service for all children with asthma, however, 
would be prohibitively expensive. Accordingly we 
used the existing community nursing services— 
namely, public health nurses employed by the 
Department of Health. An important aspect of their 
role is the continuing care of children in schools and 
- the community. The nurses were given additional 
training on asthma by one of us (EAM). 


The study would have been more powerful if we 


could have included a wider range of outcome 
measures. Ideally, daily asthma diaries and 
measurements of peak expiratory flow would have 
been used; they could not be included in the control 
group, however, without possibly having some 
beneficial effect of their own. The outcome vari- 
ables therefore chosen were hard data, such as 
re-admissions, missed schooling, and parental re- 
ports of the medical management of their child’s 
asthma and their perception of their own and their 
child’s management skills. 

The study found that European children in the 
intervention group were taking significantly more 
drugs for asthma six months after the index admis- 
sion to hospital than in the control group. More 
were taking medications for asthma in each drug 
category (with preventative drugs, theophylline, and 
inhaled steroids reaching significance). This result 
probably represents improved compliance. This 
increased use of medications, however; was not 
associated with an increased parental report of 
improvement, a reduction of missed schooling, or a 
reduction in attacks of asthma not responding to the 
usual treatment at home. The nurses were asked to 
encourage the families to use their general practi- 
tioner rather than the accident and emergency 
departments for severe attacks of asthma. The result 
of the intervention was the converse of this, with 
34% in the intervention group using the hospital 
services when they had a severe attack compared 
with only 11% in the control group (p=0-043). A 
possible explanation for this unexpected finding was 
that the nurses taught the children and their parents 
to take attacks of asthma seriously, to seek medical 
help early, and if their general practitianer was not 
readily available to go directly to hospital for 
treatment of the attack of asthma not responding to 


Pad 7 


a oe 


Ya 


r 


the usual treatment. The parents’ perception of their 
knowledge of when to begin additional treatment 
for asthma and when to seek further medical advice 
was uniformally high in both the intervention and 
control groups and did not differ statistically. The 
result that was unexpected and of most concern was 
that re-admissions in the next six months, when the 
nurse was visiting, and between six and 18 months 
after the index admission were greater in the 
intervention group than in the control group. 
Although this was the opposite to our original aim, 
it could be argued that this was beneficial and that 
this high risk group of patients were making more 
effective use of the available facilities.” These 
admissions to hospital did not result, however, in a 
shorter duration of stay. 

Polynesians have higher mortality’? and rates of 
admission to hospital for asthma.* They also tend to 
have poorer health than Europeans on a number of 
health indices.”! It is well known that Polynesians 
make poor use of the available health services, 
which has many similarities to the National Health 
Service in the United Kingdom. As less than 60% of 
the Polynesian parents returned the postal question- 
naire six months after the index admission the 
results of the intervention have to be interpreted 
with caution. We were unable to show, however, 
that intervention influenced any of the outcome 
variables. In contrast to the European subjects, 
there was no effect on re-admissions in the inter- 
vention group. 

Other recently reported evaluations of pro- 
grammes of patient education for children with 
asthma and their parents suggest that these pro- 
grammes can reduce school absenteeism, emergency 
room visits, and admissions to hospital and improve 
activity.“ > The subjects from these other trials 
were enrolled from clinics or in response to 
media advertisements.” Our subjects were enrolled 
at the time of the admission to hospital and in 
comparison to the subjects in these other studies had 
more severe asthma. Admission to hospital is almost 
certainly a major intervention in itself as all children 
admitted with asthma are seen by a paediatrician 
and treatment is rationalised, inhaler technique 
checked, compliance assessed, and a crisis plan 
devised. This major educational opportunity occurred 
for all patients in both the intervention and control 
groups and many have diminished the beneficial 
effect of the educational programme carried out by 
the child health nurse. 

These results were discussed with the nurses 
involved in the study. A valid criticism was that the 
outcome measures did not cover areas where they 
thought they had produced the greatest improve- 
ment, such as the child’s activity and well being, 
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parental knowledge, and ability in handling an 
asthmatic crisis. 

Less than 5% of children were taking systemic 
prednisone before admission to hospital. Although 
this study did not attempt to influence the type of 
treatment given to the child, the use of short courses 
of oral steroids begun by the parents may have 
prevented some of the original admissions to hospi- 
tal and subsequent re-admissions. This is worthy of 
future study. 

The study indicates that it is possible to improve 
compliance with treatment for asthma by using 
nurse educators, but improved compliance and 
education in themselves may not necessarily reduce 
admission to hospital and school absenteeism in the 
high risk child with asthma. Further educational 
programmes need to be developed and the delivery 
of culturally relevant health care to Polynesians 
improved. 


We thank the public health nurses of the Takapuna, Auckland, and 
South Auckland Health Districts for carrying out the intervention 
programme and the paediatricians of Auckland Hospital for 
allowing us to study their patients. We also thank Mr P Flynn for 
additional statistical analysts. Permission to publish from the 
Director-General of Health is acknowledged. 
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Synchronous mechanical ventilation of the neonate 


M SOUTH AND C J MORLEY 


Department of Paediatrics, University of Cambridge, Addenbrooke s Hospital, Cambridge 


SUMMARY We describe a simple technique of neonatal ventilation that induces the neonate to 
breathe in synchrony with the ventilator. This preserves the beneficial effects of spontaneous 
respiration (unlike therapeutic paralysis) and reduces potentially harmful interactions between 
baby and ventilator. The technique uses measurements of the neonate’s own respiratory timing. 


Unless paralysed or very ill, most ventilated neo- 
nates continue to breathe, but often out of step with 
the ventilator. ! 

The neonate’s respiratory efforts can make a 
considerable contribution to ventilation but can also 
reduce the efficacy of ventilator treatment and 
increase the risk of pneumothorax.” 

Spontaneous inspiration or expiration during the 
‘deflation’ phase of a constant flow ventilator should 
be harmless. It is when spontaneous expiration ts 
active and takes place during the ‘inflation’ phase of 
the ventilator that the baby can reduce the tidal 
volume delivered by the ventilator and when 
pneumothorax is most likely to occur.” We have 
used the term ‘active’ in this paper to represent the 
pattern described as such in previous work but 
acknowledge the fact that an active component to 
expiration in this situation awaits confirmation. 

Past attempts to deliver synchronous mechanical 
ventilation have relied on devices triggered by the 
patient.” This is technically difficult in the preterm 
neonate as it relies on detecting small fluctuations in 
airway pressure generated by the patient. It is 
difficult to produce a ventilator sensitive enough, or 
with short enough response times, to produce phase 
synchrony.” Others have ventilated babies with 
respiratory rates that crudely approximate to the 
spontaneous respiratory rates of the baby, but they 
have not studied the patterns of interaction between 
baby and ventilator.” ° We have observed that many 
babies attempt to maintain their own respiratory 
pattern when subject to mechanical ventilation. In 
some babies respiratory reflexes are observed that 
modify this pattern during certain ventilator 
breaths.” 

We see potentially harmful asynchronous respira- 
tion occurring in one of two ways. Firstly, the 
neonate may breathe with a respiratory rate dif- 
ferent to the ventilator or with an irregular rhythm. 


Secondly. the neonate may breathe at the same rate 
as the ventilator but with inspiration and expiration 
out of phase. Both patterns result in spontaneous 
expiration during the inflation phase of the venti- 
lator. 

When the neonate and the mechanical ventilator 
are ‘breathing’ at the same rate they are ‘rate 
matched’. When the inflation and deflation phases 
of the ventilator coincide exactly with those of the 
baby they have ‘phase synchrony’. When the venti- 
lator and baby are breathing exactly in time with 
each other they are therefore rate matched and 
in phase synchrony. We have investigated the effects 
of matching the intrinsic respiratory timing of the 
baby with the ventilator settings. 


Patient and methods 


We describe the technique in a baby of 32 weeks’ 
gestation, weighing 1800 g, ventilated as treatment 
for respiratory distress syndrome, using the Sechrist 
Model IV-100B infant ventilator. We have success- 
fully used the technique in babies of various 
gestational ages. ventilated for respiratory distress 
syndrome and other conditions, employing the 
Sechrist. Bourns BP200, and SLE Newborn 250 
infant ventilators. The Sechrist ventilator has the 
advantage that inflation and deflation times can be 
directly and independently set on the ventilator 
without reference to calculations involving rate and 
inspiratory:expiratory ratio. It also maintains con- 
stant ‘peak’, ‘end’, and ‘mean’ airway pressures at 
physiological respiratory rates. The technique could 
be used, however, with any time cycled ventilator 
that can deliver high ventilation rates and maintain 
airway pressures at these rates. 

The baby’s own respiratory efforts were con- 
tinuously recorded using a pneumatic capsule device 
(the MR10 Respiration Monitor, Graseby Dynamics 
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Ltd). When taped in the sub-xiphisternal pos- 
ition this provides a signal qualitatively represen- 
ting the baby’s spontaneous respiratory efforts 
with no interference from ventilator inflations 
as it differentiates ventilator from spontaneous 
breaths by the presence of xiphisternal retraction.® 
A similar signal could be obtained, more invasively 
and with greater difficulty, from measurement 
of oesophageal pressure or diaphragmatic elec- 
tromyogram. This signal was used to measure the 
baby’s own inspiratory and expiratory times 
and also, by comparing it with the ventilator 
circuit pressure signal, to show the time relation 
between spontaneous breaths and ventilator 
inflations. 

A pneumotachograph in series with the endo- 
tracheal tube allowed measurement of gas flow in 
and out of the lungs. The flow signal was electroni- 
cally intregrated to give tidal volume. This has been 
used to show the effect of the ventilator and the 
baby’s own respirations on gas flow and tidal 
volume. Ventilator circuit pressure was measured at 
the proximal end of the endotracheal tube. 

The signals were recorded on a Gould 2600S, 


rectilinear, six channel paper chart recorder, with a 


full scale deflection frequency response of 50 Hz, at 
a paper speed of 25 mm per second. Pressure 
transducers and pneumotachograph were produced 
by Mercury Electronics Ltd and the electronic 
integrator used to produce tidal volume signals was 
from the Gould 4600 series. 


Results 


A polygraphic record from the ventilated baby at 4 
hours of age is shown in Figure 1. 





The baby was receiving mechanical ventilation as 
follows: rate 40 breaths/minute (inflation time 0-48 
seconds, deflation time 1-02 seconds). Peak pressure 
was 32 cm H,O and end pressure 4 cm H20, with 
inspired oxygen=80%. Arterial blood gases were 
within the normal ranges. 

It can be seen from the capsule trace that the baby 
was breathing irregularly‘and was therefore neither 
rate matched nor in phase synchrony with ventila- 
tor cycles. Flow and tidal volume traces showed that 
the baby’s respiratory efforts were disturbing 
smooth tidal ventilation. Thus tidal volumes were 
erratic and bore little relation to ventilator timing. 
During most ventilator inflation phases, gas flow 
down the endotracheal tube was stopped before the 
end of the peak pressure plateau. During the first 
ventilator inflation shown in this section, gas was 
seen to flow up the endotracheal tube against the 
peak inflation pressure. Analysis of the capsule 
signal showed spontaneous expiration at this point, 
suggesting active expiration. 

Having observed this pattern of asynchronous 
ventilation, we attempted to induce synchrony. The 
ventilator was switched from intermittent positive 
pressure ventilation to provide continuous positive 
airway pressure, with the baby. breathing spon- 
taneously for several seconds while recordings were 
made. From this a period of regular respiration was 
chosen and the mean inspired and expired times 
from five spontaneous breaths were calculated from 
the pneumatic capsule trace. In the case of this baby 
the calculated times were inspired time 0-28 seconds 
and expired time 0-32 seconds (rate=100 breaths/ 
minute). 

On returning to intermittent positive pressure 
ventilation the calculated inspiratory and expiratory 


Fig. 1 Asynchronous ventilation at a rate of 
40 breaths/min. The top trace shows gas flow 
and the second trace tidal volume. Deflections 
above the centre zero line represent flow into 
the chest and those below the line flow out. 
The integrator resets to zero at zero flow. The 
third trace shows the pressure in the ventilator . 
circuit (P vent) and the fourth trace the signal 
from the pneumatic capsule, with inspiration 
represented by a downward deflection on the. 
trace, and expiration by an upward 
deflection. 


1192 South and Morley 

times were used as the ventilator settings. This 
provided a starting point for synchronisation. This 
results in rate matching, even if the baby was 
previously breathing irregularly. It does not always 
produce perfect phase synchrony, however, as the 
rate of change in lung volume is increased slightly by 
the positive inflation pressure. This is shown by 
analysing the ventilator circuit pressure and capsule 
traces together and shows whether there is phase 
synchrony. Small alterations in the ventilator time 
settings can be made to bring the two into phase. 
For example, if spontaneous expiration begins 
before the end of the peak pressure plateau the 
ventilator inflation time can be reduced until the 
inspiratory times are equal. 

Figure 2 shows phase synchrony achieved in the 
same baby with inflation and deflation times both 
0-3 seconds. There is rate matching and almost 
perfect phase synchrony; chaotic tidal volumes and 
episodes of active expiration against ventilator 
inflation are no longer apparent. Notice how smooth 
the pneumatic capsule trace has become. It was 
possible to reduce peak ventilator pressure to 23 cm 
HO while keeping arterial blood gases within the 
normal range. 

Figure 3 shows tidal volume and pneumatic 
capsule signals during two periods each of about half 
an hour. This shows that the patterns of interaction 
described are not brief episodes produced by chance 
but are continuous. Once achieved, synchronous 
ventilation has persisted for many hours in some 
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babies. In the lower record a period of asynchronous 
ventilation is seen, at the right hand end of the trace, 
which followed disturbance for a nursing procedure 
(rectal thermometer inserted at time indicated by 
arrow). When left undisturbed the baby is seen to 
settle back quickly into synchrony. 

By 48 hours of age the lung disease had improved 
and ventilator pressures had been reduced (peak 18 
and end 3 cm H:O), as had inspired oxygen 
concentration. The baby had remained well syn- 
chronised with mechanical inflation and was ready 
to be weaned from the ventilator. Instead of 
arbitrary stepwise reductions in ventilator rate, as is 
often used in rate weaning, the ventilator was set to 
allow for one complete spontaneous breath and one 
ventilator synchronised breath, producing 2-1 rate 
matching between baby and ventilator (Fig. 4). 
There remained good phase synchrony during the 
concurrent breaths. This was produced using an 
inflation time of 0-34 seconds and a deflation time 
of 1-16 seconds. These figures were obtained from a 
short period of spontaneous breathing on con- 
tinuous positive airway pressure, setting the infla- 
tion time on the ventilator to that taken spon- 
taneously and the deflation time to that calculated to 
allow for one full spontaneous respiratory cycle plus 
expiration from the ‘assisted’ inflation. As before, it 
may be necessary to make small alterations in 
ventilator times to produce exact phase synchrony. 

On 36 occasions when babies were breathing 
asynchronously with the ventilator, at rates of 75 per 


Fig.2 Established synchronous 
ventilation at a rate of 100 breaths/ 
min. See Figure | for details of 
signals, 
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minute or less, the degree of synchrony and the 
amount of expiration during ventilator inflation was 
improved in all cases by this technique. On most 
occasions stable synchronous ventilation was estab- 
lished, but in two babies, who were particularly 
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Fig.3 Tidal volume and 
pneumatic capsule signals 
during two half kour periods. 
The upper pair of traces show 
the tidal volume and capsule 
signals during the earlier period 
of asynchronous ventilation (as 
in Figure 1) and the lower pair 
during synchronous ventilation 
(as in Figure 2). The arrow 
represents the time of a nursing 
procedure. 


Fig. 4 Rate matching of 2:1 
(baby-ventilator) during weaning from 
ventilator. See Figure | for details of 
signals, 
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irritable, synchrony was only maintained for short 
periods of up to 30 minutes. One of these babies was 
sedated with intravenous diazepam for clinical 
reasons and was noted thereafter to establish stable 
prolonged synchrony. 
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We have now synchronously ventilated over 20 
babies for their entire course on the ventilator as 
treatment for respiratory distress syndrome. There 
has been one case of pneumothorax, in a baby 
ventilated with peak ventilator pressure of 40 cm 
H20, who had severe ‘persistent transitional circula- 
tion’ in association with respiratory distress syn- 
drome. ° 


Discussion 


We have shown a technique that may be used in 
babies that breathe asynchronously while receiving 
mechanical ventilation—that is, babies who are 
often said to ‘fight’ the ventilator. In most babies the 
technique results in smooth synchronous ventilation 
with few episodes where the baby expires during the 
inflation phase of the mechanical ventilation. 

The method uses a simple idea that takes as a 
starting point for ventilator settings the spontaneous 
respiratory timing of the baby and makes small 
adjustments, if necessary, to result in synchronous 
delivery of mechanical inflations. It is not surprising 
that the ventilator timing required to produce 
synchrony may differ slightly from that found during 
spontaneous breathing on continuous positive air- 
way pressure as the inspiratory and expiratory time 
constants and the rate of change in lung volume are 
likely to be affected by the different tidal volumes 
and the presence of the inflating pressure. 

The technique relies on making measurements of 
the baby’s own respiratory timing. In this paper we 
have included signals from a pneumotachograph in 
the endotracheal tube to show the consequences, in 
terms of tidal volume, of the interaction of the 
ventilatory efforts of the baby and the ventilator. 
This should not be necessary in applying the 
technique clinically as all the information could be 
obtained from the non-invasively acquired signals of 
ventilator circuit pressure and the pneumatic cap- 
sule. 

It would be simpler if a rule of thumb could be 
devised for ventilator time settings that are likely to 
produce synchrony as this would dispense with the 
need for measurements from the baby. Unfortu- 
nately, spontaneous respiratory times vary with a 
number of factors—for example, gestation,’ severity 
of respiratory distress syndrome, age, and size of 
endotracheal tube. It may be that some of these 
factors would need to be considered in predicting 
the best times to use. Our preliminary evidence 
suggests that for preterm neonates with respiratory 
distress syndrome in the first 24-48 hours of age, 
inflation times in the range 0-28-0-35 and expired 
times in the range 0-35—0-45 are most likely to be 
suitable. The times required will probably vary in 


any given baby as the respiratory time constants 
follow changes in respiratory compliance and the 
course of the respiratory distress syndrome. 

Recent work failed to show that the arbitrarily 
chosen rates of 60 or 120 breaths per minute would 
consistently produce synchrony in those babies 
previously found to be actively expiring against the 
ventilator at rates of 30 to 40. At the higher rates, 
however, the amount of active expiration was 
reduced by 88%. (Greenough A, Morley CJ, Pool J. 
Are fast rates and alternative to paralysis. Presented 
at the European Society for Pediatric Research, 
1985:abstract 145.) 

We have not studied the influence of such factors 
as blood gases, ventilator pressures, or neurological 
state on the development of synchronous ventila- 
tion, but these are likely to be important. 

Does synchronous ventilation offer any advan- 
tages? The fact that it prevents expiration against 
ventilator inflation, which has been shown to be a 
factor in the production of pneumothoraces,* should 
be of importance. It may reduce the need for 
therapeutic paralysis. Heicher et al and Pohlandt et 
al have shown a reduced incidence of pneumothorax 
in babies ventilated at fast rates with short inflation 
times.!° (Pohlandt F, Bernsau U, Feilen KD, et al. 
Reduction of barotrauma in ventilated neonates by 
increase in ventilation frequency. Presented at 
the European Society. for Pediatric Research, 
1985:abstract 144.) This would seem to be at 
variance with theories suggesting that high rates 
produce ‘inadvertent positive end expiratory press- 
ure’ at distal airway level.'’ '* These theories, based 
on respiratory time constant analysis, only consider 
the static lung and ignore the effects of spontaneous 
respiratory effort on respiratory time constants and 
rate of change in lung volume. It may be that in the 
studies of Heicher et al and Pohlandt et al there were 
fewer pneumothoraces in the fast rate groups 
because more babies were breathing in synchrony 
with their ventilators, as the fast rate groups 
received ventilator timing similar to that we use to 
produce synchrony. Unfortunately, these factors 
were not studied. In our babies the incidence of 
pneumothorax has been low so far (one out of over 
20 babies), but this observation needs further 
investigation by means of a prospective, random- 
ised, controlled trial. 

There are theoretical advantages from synchro- 
nous mechanical ventilation in terms of cardiac 
output. Mean intrathoracic pressure is higher during 
asynchronous controlled ventilation than during 
synchronous assisted ventilation,’ and this may 
reduce cardiac venous filling. Asynchronous con- 
trolled ventilation results in random swings in 
intra-atrial pressure, whereas synchronous ventila- 
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tion results in a more physiological haemodynamic 
situation.!* This may also have implications for the 
babies at risk from intracranial haemorrhage.» 

Preliminary evidence we have from the babies we 
have studied shows an upward trend in minute 
ventilation with a consequent improvement in blood 
gases when the baby is breathing in synchrony with 
its ventilator but not when he is breathing in 
asynchrony. There may also be advantageous con- 
sequences of synchronous ventilation in terms of 
energy expenditure. Anecdotally, our nursing staff 
report that the baby who is breathing asynchro- 
nously is usually fractious and often struggles a lot, 
while the baby who is synchronously ventilated is 
often quieter and ‘easier to nurse’. 

We have noticed several other phenomena during 
synchronous ventilation. The baby who was breath- 
ing irregularly, both during asynchronous ventila- 
tion and during short periods of spontaneous breath- 
ing on continuous positive airway pressure, often 
breathed regularly and continuotsly once established 
on synchronous ventilation. The baby who was well 
synchronised on mechanical ventilation rapidly re- 
established phase synchrony after a period with 
intermittent positive pressure ventilation switched 
off, no matter at what phase of the spontaneous 
respiratory cycle ventilation was restarted. These 
phenomena of rate and phase entrainment have 
been observed in anaesthetised cats subject to 
mechanical ventilation’® and are probably vagally 
mediated. 

The process of rate weaning from the ventilator 
can be modified to produce synchronous ventilation 
as described. It is possible to produce various 
patterns of synchrony—for example, 2:1 and 3:1 
Tate matching between baby and ventilator. This 
may well provide for a more logical method of 
weaning, avoiding episodes of active expiration 
against ventilator inflation, than the arbitrary step- 
wise reductions in rate that are often made. 

Studies of ventilator regimens that ignore the 
effects of spontaneous respiration may fail to 
recognise important factors. Ventilated babies, even 
those with the same disease, do not form a single 
homogenous group as they may be paralysed, 
apnoeic, or breathing synchronously with the venti- 
lator. 

We have shown that it is possible to induce 
synchronous ventilation by this technique. Whether 
it does offer the potential advantages outlined 
awaits further investigation. 


We thank Professor J A Davis, Dr N R C Roberton, and Dr G 
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Periventricular leucomalacia and intraventricular 
haemorrhage in the preterm neonate 


J Q TROUNCE, N RUTTER, AND M I LEVENE 


Department of Child Health, Leicester University Medical School, and Department of Neonatal Medicine and 
Surgery, City Hospital, Nottingham 


SUMMARY ‘Two hundred very low birthweight infants were prospectively scanned to ascertain 
the incidence of periventricular leucomalacia (PVL) and haemorrhage. Before collection of data, 
Clear definitions of ultrasound abnormalities believed to represent PVL and intraventricular 
haemorrhage were described. These referred to small and moderate intraventricular haemor- 
rhage,,. parenchymal haemorrhage, and PVL, including prolonged flare (echoes in the 
periventricular region lasting for two weeks or more and not becoming cystic). Sixty nine infants 
(34%) had no abnormality on ultrasound scans. Intraventricular haemorrhage occurred in 107 
babies (37 grade I and 62’'grade II), and only eight infants were thought to have true parenchymal 
haemorrhage. Ultrasound appearances of PVL were seen in 27 infants, 19 of whom developed 
cysts and eight died in the precystic stage. Prolonged flare occurred in another 25 babies. 
Unilateral parenchymal haemorrhage occurred in four infants who subsequently developed cystic 
PYL in the contralateral hemisphere. Twenty one infants developed ventricular dilatation, 12 of 
whom had associated parenchymal.lesions. Haemorrhage, PVL, and flare occurred commonly in 
infants of 30 weeks’ gestation and below and became markedly less common in more mature 
infants. We believe prolonged flare represents a form of PVL, and in this study a total of 52 
(26%) infants had an ‘ultrasound appearance of periventricular leucomalacia, an incidence 
considerably higher than previously reported. 


Haemorrhage in and around the lateral ventricles is 
a common lesion of the preterm brain, with an 
incidence variously reported between 32%' and 
90%.” Periventricular leucomalacia (PVL) has also 
been recognised as affecting the infant’s brain, but its 
incidence has been largely derived from postmortem 
studies and may not reflect its incidence in surviving 
infants. High resolution real time ultrasound en- 
ables a diagnosis of PVL to be made in the living 
infant,*"’ but’ there have been only three studies 
reporting its overall incidence,* > H which ranges 
between 7-5% and 17-8% of low Dirthweight 
populations. Preliminary data suggest that PVL is 
associated with a poor prognosis® 7 114 and for this 
reason deserves more- careful study. No agreed 
définitions exist for the ultrasound appearances of 
PVL, and as a preliminary to our study we carefully 
described the appearances that we believed repre- 
sented ischaemic brain lesions. We then prospec- 
tively examined 200 very low birthweight infants to 
define the incidence of this condition, assess patho- 


logical correlation with scan findings, and look at 
risk factors for development of PVL and its effect on 
neurodevelopmental outcome. This paper compares 
the incidence of PVL with intraventricular haemor- 
rhage in a group of infants weighing 1500 g or less at 
birth.- 


Patients and methods 


Over a 16 month period (1 January 1984-30 April 
1985) all neonates of birth weight <1500 g who were 
admitted to two neonatal intensive care units 
(Leicester Royal Infirmary and Nottingham City 
Hospital) were scanned at least twice each weék for 
the first month and then once each week until 
discharge. All babies with an abnormality on the 
predischarge scan were recalled for at least one 
further scan. In both centres an ATL Mark III real 
time sector scanner fitted with a 3-5, 5, and’7-5 MHz 
multifrequency scanhead was used, and all scans 
were performed by the same observer (JQT). A 
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permanent record of all scans was kept on either 
videotape or x ray film, and abnormalities were 
reviewed by another cf the authors (MIL). 


Definition of scan abnormalities. At the start of the 
study we clearly defined the ultrasound abnormali- 
ties we had consistently recognised over the pre- 
vious three years. These definitions were adhered to 
throughout the study and final diagnosis was made 
at discharge or death. The definitions were as 
follows: 


Normal 
No ultrasound abnormality detected at any time. 


Small haemorrhage 

Echoes in and around the region of the germinal 
matrix and corresponding to the grade [ haemor- 
rhage of Levene er al. 


Intraventricular haemorrhage 

Echoes within the lateral ventricles with distension 
or formation of an intraventricular clot. This corres- 
ponds to the grade H lesion of Levene et al." 





Fig.) Parenchymal haemorrhage. Coronal ultrasound 
scan showing a large echodense lesion involving the 
right lateral ventricle and parenchyma. There is complete 
lass of the outline of ventricular structures. 


Fig. 2 
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Periventricular leucomalacia. Coronal ultrasound 
scan showing a triangular echodense area with its apex 
lying at the lateral margin of the right lateral ventricle. 
There is a less extensive, but smaller, echodensity in 

the left sided parenchyma. 





Fig.3 Cystic degeneration. Posterior coronal ultrasound 
scan showing bilateral and multiple echofree lesions 
separate from the lateral ventricles (arrow head). 
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Parenchymal haemorrhage 

An echodense area involving the ventricle and the 
parenchyma. The apex of the echoes fies near the 
midine with the base extending well into the 
parencyhmal substance. There is complete loss of 
the outline of ventricular structures (Fig. 1). In 
surviving infants a porencephalic cyst would develop 
with complete loss of the ependyma of the lateral 
part of the lateral ventricle. We refer to this lesion as 
representing ‘parenchymal haemorrhage’. 


Pertventricular leucomalacia (PVL) 

We recognised three appearances that we believed 
represented the range of PVL. 

(a) Cystic. An echodense triangle with its apex lying 
at the lateral border of the lateral ventricle. In many 
infants intraventricular clot is seen within the 
ventricle and accompanies this parenchymal appear- 
ance. The triangular parenchymal appearance has 
been recently described by Rushton e al,“ and we 
refer to it as ‘PVL’ (Fig. 2). In surviving infants the 
echodensity resolves to discrete echofree cavities 
representing cyst formation (Fig. 3). The ependyma 
of the lateral ventricles remains intact in most cases. 
(b) Precystic. Some infants die in the precystic 
(echodense) phase, and if the ultrasound appear- 
ances described above are present at ceath this is 
referred to as precystic PVL. 

(c) Prolonged flare. An appearance of relative 
increased echodensity in the periventricular region 





seen in both coronal and parasagittal views and 
persisting for at least two weeks but not undergoing 
cystic degeneration (Fig. 4). Although subjective 
assessment of echodensity is difficult. these lesions 
are less echogenic than those of parenchymal 
haemorrhage, despite standardised gain and energy 
Output settings. 


Ventricular dilatation 

fa) Progressive. Ventricular index rapidly increasing 
to cross the 97th centile line.’° This usually required 
treatment with lumbar punctures or a ventricular 
shunt. 

(b) Persistent but non-progressive. Ventricular index 
increasing more slowly to cross above the 97th 
centile line but then arresting and following a 
normal rate of growth. 


Babies with ventricular index greater than the 97th 
centile due to distension with echodense haemor- 
rhage. and who subsequently return to normal 
measurements of ventricular index. were not in- 
cluded in the ventricular dilatation group. 


Results 


Of the 209 babies of birth weight <1S00 g, seven 
were excluded because they died before a scan could 
be performed and two because they were trans- 
ferred from outlying hospitals too late for a scan to 





Fig.4 Echodense flare. Coronal ultrasound scan (right) showing discrete bilateral echodense areas in the periventricular 
region, There is no intraventricular haemorrhage. Parasagittal scan (left) showing extent of the flare (arrows) extending 
from the frontal region to the occipital region. A= Anterior, P= posterior. 
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be performed within the first four days of life. The 
remaining two hundred infants form the subject of 
this report. Median birth weight was 1200 g (range 
650-1500 g) and median gestational age was 29 
weeks (range 25-37 weeks). Fifty six infants had a 
birth weight <1000 g. 

Sixty nine infants (34%) had 
scans. 


entirely normal 


Haemorrhage. Haemorrhage was seen in 107 babies 


(53%). and in 37 ths was in the region of the 
germinal matrix (grade I haemorrhage). Grade II 


lesions occurred in 62 babies, and in a further eight 
there was parenchymal haemorrhage. 


Parenchymal haemorrhage and PVL. Of the eight 
babies with parenchymal haemorrhage on early 
scans, four subsequently developed echodensity in 
the contralateral periventricular region after a vari- 
able period (Fig. 5). In the two long term survivors 
the former lesion resolved, with the formation of a 
large porencephalic cyst, and the latter into multiple 
discrete cysts. We believe this appearance rep- 


resents parenchymal haemorrhage on one side with 





Fig.5 Parenchymal haemorrhage with contralateral 
periventricular leucomalacia. Coronal ultrasound scan 
showing extensive haemorrhage in both lateral ventricles 
with parenchymal extension on the left side. There is an 
echodense triangular lesion in the right periventricular area, 
which devetoped some time after the initial haemorrhage. 
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contralateral PVL. One infant had a prolonged flare 
of the opposite side; in only three babies with 
parenchymal haemorrhage was there no associated 
contralateral parenchymal lesion. 


PVL. Fifty two babies (26%) showed parenchymal 
lesions thought not to be primarily haemorrhagic. 
Eight babies died in the precystic phase of PVL., and 
ina further 19 infants cysts subsequently developed. 
In another 25 there was prolonged flare of peri- 
ventricular echodensity. 

A total of 123 infants had evidence of haemor- 
rhage, cystic or precystic PVL. or flare (Fig. 6). 
Haemorrhage alone occurred in 7] infants, and a 
further 36 had the appearances of PVL together 
with haemorrhage. Fifty five infants had paren- 
chymal involvement (Fig. 7), and only three of these 
showed the appearances of haemorrhage alone, 
Two others had PVL alone and 14 had a flare with 
no other abnormality. Thirty six of the 55 (65%) 
showed evidence of both haemorrhage and PVL. 


Ventricular dilatation. Twenty one babies (10%) 
developed ventricular dilatation; nine were non- 
progressive and 12 required treatment. Twelve of 
the 21 (57%) had associated parenchymal involve- 
ment. Thirteen infants developed ventricular dilata- 
tion by 14 days, and in all cases it had developed by 
the age of 4 weeks. 


Deaths. Forty two babies (21% ) died. and all deaths 
occurred before discharge from hospital. Twenty 
one of the babies who died weighed <1000 g at 
birth. Fourteen of the deaths involved babies of 26 
weeks’ gestation or less. The time of death ranged 
from day | to 121, and 22 of the babies died before 
| week of age. Postmortem information was obtained 
in 30 of the 42 (71% ) dead infants andi is discussed in 
a paper on pathological correlation. | 


Timing. Haemorrhage occurred within the first 
seven days of life in 83 of the 107 (78% ) infants, but 
17 infants (15% ) showed the first ultrasound appear- 
ance of haemorrhage after 2 weeks of age. Nine of 
the 107 (8% ) babies with hae morrhage did not show 
an no until after 31 days of age, 

The echodense phase of PVL was first noted by 
the age of 3 days in 14 babies and by 1 week in a 
further 11. In the final two infants the change was 
observed by the 10th day. 

NUIT SD aa arpe Oss: ome was pies 
A a 4 and 7 7 ne in four iad after a T in 1 the 
rest. The median time for cysts to be first detected 
was 18 days of age. Only one infant developed an 
echofree cystic lesion after 30 days of age. 
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a O 
Haemorrhage l PYL : PVL 
No PYL + haemorrhage No haemorrhage 
71 36 16 
Flare Precystic Cysts 
14 0 2 
Flare Precystic Cysts 
11 8 17 
(2-8-1) (1-6-1%) (1-13-3 %) 


Fig. 6 Distribution of haemorrhage and periventricular leucomalacia. Figures in brackets refers to the numbers of ss hs 
with germinal matrix, intraventricuar, and parenchymal haemorrhage, respectively. 


*Four babies extension one side, periventricular kucomalacia the other. 


Parenchymal lesions 
55 
Haemorrhage Haemorrhage PYL GMH/IVH Flare GMH/IVH Flare + 
dione (parenchymal) alone +PVL alone + flare haemorrhage 
*PVL (parenchymal) 
3 4 2 21 14 10 1 


Fig. 7 The patterns of parenchymai lesions. GMH= =Germinal matrix haemorrhage; IV H=intraventricular haemorrhage; 


NEE leucomalacia. 


Eleven of the 25 (44%) infants with prolonged 
flares were found to have this abnormality on the 
first scan (1-3 days). Eighteen (72%) developed 
flaring by the end of the first week. The flare was 
-first noted after 20 ‘days in only two infants. 


Gesiation. Of the 107 babies with haemorrhage, 99 
(93%) were of 30 weeks’ gestation or less. There 
was a pronounced decrease in the prevalence of 
haemorrhage from 62% at 30 weeks’ to 19% at 31 
weeks’ gestation. A similar pattern was seen in the 


babies with PVL and prolonged flare: 25 out of 27. 


babies with PVL and 22 out of.25 babies with 
prolonged flare had a gestation of 30 weeks or less. 


Discussion 


The incidence of the ultrasound appearances that we 
believe represent cystic and precystic PYL is 13-5% 
in 2 group of very low birthweight infants. A 
previous retrospective study from the Hammersmith 
Hospital reported an incidence of 7-5%* and Fawer 
et al found the incidence to be .16-8% among 
relatively. few infants of 34 weeks’ gestation or 


- reported the 


below.” Bozynski and colleagues found cystic PVL 
in 5% of babies of birth weight <1200 g.1* They 
studied only surviving infants and this is therefore 


` not an accurate reflection of the overall incidence of 


the condition. Sinha and colleagues have recently 
incidence of haemorrhage and 
ischaemia in a group of premature infants of 32 
weeks’ gestation or below.'' Almost 18% of their 
infants showed ultrasound appearances of PVL. 
The only other published incidence of PVL derives 
from postmortem studies and varies between 1% 
and 34%.'° The latter study looked only at a 
highly selected group of 106 infants of birth weight 
<1500 g, all of whom were outborn. Computed 
tomography has proved to be disappointing in its _ 
ability to diagnose hypoxic-ischaemic lesions in the 
premature neonate” 21 and compares poorly with 
real time ultrasound. 

All areas of extensive echodensity within the 
parenchyma seen in association with intraventricular 
haemorrhage have until recently been assumed to be 
parenchymal haemorrhage. Hill et al were the first 
to recognise that parenchymal echodensity might be 
due to haemorrhagic infarction,*> and Levene and 
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colleagues later reported. the evolution of ‘haemor- 
rhagic’ PVL to cystic degeneration. Nwaesei and 
coworkers have shown that echodensity may be due 
to gliosis without haemorrhage.” Few would now 
disagree that multiple small echolucent areas in the 
periventricular white matter represent PVL. A 
characteristic triangular echodense region in the 
parenchyma precedes cystic degeneration, and if 
seen in those infants who died before cysts develop 
then we have termed this the ‘precystic’ phase of 
PVL. Rushton reports accurate pathological correla- 
tion of PVL in five infants with the precystic 
ultrasound appearance,® and we have confirmed 
this. . 

The most difficult and controversial area of the 
diagnosis of parenchymal lesions is the differentia- 
tion between extension of haemorrhage and PVL. 
Even at autopsy it may be impossible to distinguish 
primary haemorrhage from bleeding into an 
ischaemic lesion or venous infarction. Armstrong 
and Norman showed bleeding into an ischaemic 
periventricular area in 25% of their cases.'® Flod- 
mark and colleagues reported that of 19 preterm 
babies thought to have parenchymal haemorrhage 
on computed tomography, autopsy revealed 
bleeding into an ischaemic area in 18 (95%).*" More 
recently Volpe and his colleagues, using positron 
emission tomography, showed extensive areas of 
diminished cerebral blood flow around an apparent 
primary parenchymal haemorrhage and suggested 
that the haemorrhage may have been secondary to 
ischaemia.” These reports do not prove that 
ischaemia is the underlying cause of parenchymal 
haemorrhage in all cases (as suggested by Rushton 
and colleagues), but they do make it likely that a 
number of such lesions are primarily ischaemic. 

The appearance we refer to as ‘parenchymal 
haemorrhage’ and the subsequent evolution to 
porencephaly is quite different from that which we 
recognise as PVL (see Figs. 1 and 2). We have seen 
four infants in whom the appearance of 
parenchymal haemorrhage preceded contralateral 
PVL, and the two survivors developed porencephaly 
in one hemisphere and multiple cystic degeneration 
in the other. The aetiology of the underlying cause 
of these two lesions is, we believe, quite different. 
The timing also suggests that at least in some cases 
the massive parenchymal haemorrhage may induce 
secondary cerebral ischaemia with contralateral 
PVL. The delayed timing of the parenchymal 
echodensity after intraventricular haemorrhage also 
Suggests venous infarction as the possible cause. 
Only ‘eight infants showed the appearance we 
believe to represent parenchymal haemorrhage. 

The term PVL was originally coined by Banker 
and Larroche to describe a specific but subtle 


macroscopic appearance in infants dying after a 
complicated perinatal course.” The most obvious 
lesions were ‘white spots’. Since then the term PVL 
has been used more widely to describe a num- 
ber of different. macroscopic and microscopic 
appearances.” % Although the aetiology of PVL 
may be border zone infarction, more than one 
aetiological factor is probably involved. We believe 
that some cases may be due to venous infarction: 
eight babies in our series showed a pattern of 
thrombus distending a lateral ventricle associated 
with development of a triangular echogenic area in 
the ipsilateral parenchyma. Pape and Wigglesworth 
have described congestion of the branches of the 
terminal vein in cases of massive germinal matrix 
haemorrhage with associated venous infarction of 
the surrounding periventricular white matter.” This 
would account for the incidence of PVL in infants 
with grade H haemorrhage. 

Our overall incidence of haemorrhage (53%) 
corresponds with previous studies of the very low 
birthweight infant.’ Of the 107 babies with 
haemorrhage described here, parenchymal ex- 
tension occurred in only eight (7%), whereas 
previous workers have reported parenchymal 
involvement in about 20% of cases.1° We believe 
that many parenchymal lesions that we now 
recognise as PVL have been classified as 
parenchymal haemorrhages in the past, and this 
would explain our lower incidence for the 
parenchymal lesion. 

This is the first prospective study of the incidence 
of abnormal ultrasound appearances that have been 
carefully defined before starting collection of data. 
The definition of cystic and precystic PVL was based 
on sound pathological correlation, but we chose to 
use the term ‘flare’ to avoid assuming pathological 
abnormality in all cases where this was prolonged. 
Some periventricular echodensity is very common” ” 
and usually transient, and we elected to include as 
abnormal only those patients in whom the echoes 
persisted for two weeks or more and could be 
consistently seen in two planes. Our subsequent 
autopsy correlation with prolonged flares in three 
hemispheres confirmed extensive gliosis and micro- 
calcification! and agrees with the data of Nwaesei et 
al.” Prolonged flare was seen in 12% of infants in 
our study and is clearly an important ultrasound 
finding, but we must await follow up data on the 
outcome of these infants before establishing its 
prognostic importance. `. i 

Previous studies have shown that most 
intraventricular haemorrhages occur within three 
days of birth.” 7 In this study accurate timing of 
intraventricular haemorrhage was not possible, but 
78% of the haemorrhages were noted before 7 days 
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of age. Nine of the 107 haemorrhages (8% ) occurred 
after 1 month of age. In one case the haemorrhage 
was first noted the day after a cardiac arrest, but in 
the other eight there was no preceding insult. This 
group resembles the pattern of late haemorrhages as 
reported by Hecht et al, and like his cases the 
haemorrhages in our babies were small. The 
echodense phase of PVL was observed by 3 days of 
age in 14 cases and by 10 days of age in the other 13. 
This contrasts with the study of the Toronto group 
in which the mean age for first noting the 
echodensity was 37 days (range 1-85).” The 
difference may be partly due to their selection 
criteria as the babies had to survive at least 20 days 
for inclusion in their retrospective study. 

In conclusion, we report an incidence of 
periventricular leucomalacia, precystic and cystic, of 
13-5% in a cohort of 200 babies of birth weight 
<1500 g. The appearance of a prolonged flare, which 
we argue also represents PVL, occurred in a further 
25 infants (12-5%). Overall, the ultrasound 
appearances of PVL when prolonged flares are 
included in this group occurred in 52 of the 200 
infants, representing an incidence of 26% of very 
low birthweight infants. This is considerably higher 
than any previous report. 


The authors are grateful for the help and cooperation of the 
medical and nursing staff in both centres and to the Department of 
Medical IHustration, Leicester Royal Infirmary. Dr Trounce is 
supported by the Spastics Society. 
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Intraventricular haemorrhage and periventricular 
leucomalacia: ultrasound and autopsy correlation 


J Q TROUNCE, D FAGAN, AND M I LEVENE 


Department of Child Health, Leicester University Medical School, and Department of Histopathology, 
Queen’s Medical Centre, Nottingham 


SUMMARY The brains of 30 infants who died after at least one real time ultrasound scan were 
examined after fixation. The ultrasound diagnosis of either periventricular haemorrhage or 
periventricular leucomalacia was compared with the macroscopic and histological appearances. 
Each hemisphere was considered separately for both periventricular haemorrhage and 
periventricular leucomalacia. The accuracy of ultrasound diagnosis for periventricular haemor- 
rhage was 88%, with sensitivity of 91% and specificity of 85%. The accuracy for periventricular 
leucomalacia was'90%, with sensitivity of 85% and specificity of 93%. Ultrasound was shown to 
diagnose the entire range of periventricular leucomalacia lesions. Three hemispheres showed the 
appearance of prolonged flare, and this correlated with extensive spongiosis and microcalcification — 


of the periventricular white matter, although no macroscopic lesion was seen. 


There is now clear evidence that the long term 
neurodevelopmental prognosis for neonates with 
intraventricular haemorrhage is significantly better 
than for those with periventricular leucomalacia 
(PVL).'3 If ultrasound imaging is to be effective in 
predicting prognosis then clearly an accurate dif- 
ferentiation of the pathological entities must be 
possible on scanning. Previous workers have re- 
ported accurate correlation between ultrasound 
demonstration of intraventricular haemorrhage and 
its finding on computed tomography or at autopsy,*”? 
but in none of these studies was an attempt made to 
differentiate parenchymal lesions due to ‘extension 
of haemorrhage’ from PVL. As part of a prospective 
study of intraventricular haemorrhage and PVL in 
the preterm neonate we have had the opportunity to 
correlate ultrasound scan and autopsy findings and 
we now report our results. 


Patients and niethods 


Over a 16 month period (1 January 1984 to 30 April 
1985) 200 neonates of birth weight <1500 g admitted 
to two neonatal intensive care units (Leicester Royal 
Infirmary and Nottingham City Hospital) had regu- 
lar cranial ultrasound scans. At least one scan had to 
have been performed during life for the patient to be 
included in the study. In both centres an ATL Mark 
IU real time sector scanner fitted with a 3-5, 5, and 


7:5 MHz multifrequency scanhead was used. Ultra- 
sound diagnoses based on our previous definitions!° 
were made before autopsy in all cases. The brain 
was removed complete at the time of postmortem 
examination and suspended in 10% formalin for at 
least one month before sectioning. Coronal cuts 
were made at 1 cm intervals and the macroscopic 
appearances noted. Histological examination of the 
periventricular area was performed in most cases. 
For the purposes of analysis, each hemisphere was 
considered separately. The number of true positive 
(TP), true negative (TN), false positive (FP), and 
false negative (FN) ultrasound diagnoses for each 
cerebral hemisphere was tabulated. The accuracy of 
ultrasound was measured by calculating TP+TN/ 
total number of hemispheres examined. Sensitivity 
was calculated as TP/(TP+FN) and specificity as 
TN/(FP+TN). 

To show the range of PVL lesions we have 
included five additional babies who were not in- 
cluded in our previous study.’° Two of these had 
scans performed soon after death but had no in vivo 
scan, and a further two preterm infants. had 
birth weights that had excluded them from the 
previous study. The final infant was born at 29 
weeks’ gestation and suffered severe arrhythmias tn 
the first 24 hours of life related to hyperkalaemia. 
An ultrasound scan at the age of 17 days showed ° 
extensive bilateral cystic PVL, involving temporal 
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and occipital regions, and this was still present when 
she was last scanned at the age of 7 weeks. She died 
suddenly aged 6 months and thus illustrates the 
more long term evolution of PVL. 


Results 


Forty two of the 200 study babies died. and all 
deaths occurred before discharge from hospital. 
Postmortem examination was performed in 31 of the 
43 deaths, but in one infant the brain was too soft to 
fix. The results of the correlation between autopsy 
and ultrasound examinations are shown in Tables | 
and 2 for the 30 infants with complete postmortem 
data. Histological examination was performed on 25 
brains. 


Haemorrhage. Haemorrhage into the germinal mat- 
rix or ventricle or extension into the cerebral 
parenchyma was diagnosed both by ultrasound and 
sudsequently at autopsy in 31 hemispheres. The 
results are summarised in Table 1. A false positive 
ultrasound diagnosis of haemorrhage was made in 
four hemispheres (three infants) in which postmor- 
tem examination subsequently showed a normal 
hemisphere. In three the ultrasound appearance was 
thought to consist of haemorrhage in the region of 
the germinal matrix, and the other seemed to show 
the appearances of more extensive clot in the lateral 
vertricles. A false negative diagnosis of haemor- 
thage was made in three hemispheres (two babies) 
(Table 2). All three hemispheres contained a small 


Table 1 Correlation between ultrasound and postmortem 
diagnoses for the study group of 60 hemispheres. As each 
hemisphere may have more than one form of disease the 
nuraibers do not add up to 60. Values are No (%s) 





ranma ma ALA hate Brrr hataree rare ALLL ARAL 


Ufresound observations Postmortem observatians 


Normal PFH PVI 
Normal I2 {78 cgi, S(t} 
PVE 4 3E (88) Q 
PVL 3 {15} Q 17 (KS) 





PYE = Periventricular hacmorrhage: PVL= periventricular feucomalacia. 


Table 2 Correlation between postmortem and ultrasound 
diagnoses for the 60 hemispheres. Values are No (%) 





Postmortem observations Ultrasound observatians 

Normal PVH PVI 
Normal 22 176} Sia 27} 
PVH 3 £9) 31 {9i} G 
PVL 3 (15) ü 17 (8S) 





PVH-=Perwentricular haemorrhage: PVL =periventriculas leucomatacia. 





germinal matrix haemorrhage that had ruptured into 
the ventricles. The accuracy of ultrasound diagnosis 
of haemorrhage was 88%. The sensitivity of diagno- 
sis was 91% and specificity 85%. 


Ischaemic lesions. Echodensity in the periventricular 
white matter detected by ultrasound and thought 
not to be parenchymal extension of periventricular 
haemorrhage was seen in 20 hemispheres, and PVL 
lesions were diagnosed at autopsy in 20 hemispheres 
(Tables 1 and 2). The accuracy of the ultrasound 
diagnosis was 90%. A false positive ultrasound 
diagnosis of abnormal periventricular echodensity 
was made in three hemispheres (two infants). One 
child was only scanned once and the other had three 
scans, and mild bilateral flare was thought to be 
present on each occasion. A false negative ultra- 
sound diagnosis of PVL was made in three hemis- 
pheres (two infants). In two hemispheres there was 
non-haemorrhagic PVL and in one hemisphere 
extensive haemorrhagic PVL was found and not 
previously detected by ultrasound. The sensitivity of 
ultrasound in the diagnosis of PYL was 85% and 
specificity 93%. 





$ 

$ 

A 
Fig. 1 Spongiosis and microcalcification in an infant with 
prolonged flare. Haematoxylin and eosin stain, showing 
generalised spongiosis of periventricular white matter 
(arrow) and microcalcification (arrow head). 


i 
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Precvstic periventricular leucomalacia. Coronal ultrasound view (left) showing triangular shaped echodensity in the 


right hemisphere. The pathological correlate (right) confirms haemorrhagic infarction in the region of the echodenstty. 
There is a small unruptured subependymal haemorrhage on the right side and a somewhat larger lesion involving the left 


subependymar region. 


Range of PVL lesions. To show the variety of PYL 
lesions an additional five infants have been com 
sidered together with the study infants. The ultra- 
sound appearances we have described as prolonged 
flare!’ occurred in two infants (three hemispheres) 
whose brains were examined at autopsy. The flares 





Fig.3 Cystic periventricular leucomalacta, showing a 
single cavity in the right periventricular region separate from 
the lateral ventricle. Ittraveniricular clot is also present 


arising from bilateral subependymal haemorrhages. 


persisted for two weeks and three months, respec- 
tively, and were present on the last scan before 
death. No macroscopic abnormality was seen in 
either brain, but on histological examination exten- 
sive spongiosis and microcalcification was present in 
the periventricular white matter corresponding to 
the areas of echodensity (Fig. 1). 


At autopsy one infant showed the characteristic 
H 





ea 


‘white spots’ described by Banker and Larroche. 
On ultrasound examination persistent bilateral flare 
was noted and it was thought that small echofree 
cavitations subsequently occurred shortly before 
death. The cysts were not confirmed at autopsy, but 
the echofree areas may have corresponded to the 
macroscopic white spots of lipid accumulation. 

Seven infants (eight hemispheres) showed the 
pathological appearance of haemorrhagic infarction 
at autopsy. These infants died between the ages of 5 
hours and 13 days. In all cases the floor of the 
ventricle appeared intact. In six of these infants in 
whom an ultrasound diagnosis of precystic PVL was 
made the necropsy appearance was consistent with 
haemorrhagic infarction in the region of the 
echodensity (Fig. 2). 

Three infants were found to have periventricular 
cysts at autopsy. In all cases the initial ultrasound 
appearance was of a triangular shaped echodensity 
with its apex towards the angle of the lateral 
ventricle, from which echofree cavities developed in 
two of the three cases. A unilateral periventricular 
cyst was not detected in one baby on scanning, 
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Fig.4 Resolving cavities. Coronal section from an infant 
shown to have extensive € ystic periventricular feucomalaciu 
in ihe newborn period. Autopsy shows a collapsed cavity in 
the right periventricular region (arrowed). There is also 
compensatory ventricular enlargement. 


although a flare had been seen in the corresponding 
area. This infant was scanned only once during life 
(Fig. ; 3); 

One infant died aged 6 months of sudden infant 
death syndrome who at discharge from the neonatal 
unit showed extensive echofree cavitation in the 
periventricular white matter of both hemispheres. 
At autopsy there was irregular. ventricular dilatation, 
but the posteriorly placed cysts remained only as 
flattened cavities (Fig. 4), while the anterior cysts 
could no longer be seen at all. 


Discussion 


We have shown that real time ultrasound is an 
extremely good method for diagnosing both intra- 
ventricular haemorrhage {accuracy 88%) and PVL 
(accuracy 90% ) in a series of 30 brains. Previous 
studies have produced similar autopsy correlation 
with the ultrasound diagnosis of Pen vente la 
haemorrhage in the region of 90% accuracy.”” In 
the two infants we report here with a false negative 
diagnosis of haemorrhage there was an interval of a 
few hours between the last scan and death, and the 
bleeding may have occurred during this time. A 
false positive diagnosis of haemorrhage was made in 
four hemispheres (three babies), all of whom died 
within 24 hours of birth. One baby had a massive 
contralateral parenchymal haemorrhage. and it is 


possible that on scanning we detected spread of 
thrombus from this site with no actual focus of 
bleeding within the ventricle in question. Szymon- 
owicz and her colleagues reported congestion of the 
germinal matrix region that simulated germinal 
matrix haemorrhage. ” but this was not present in 
our infants. 

Less information is available on the correlation 
between the ultrasound diagnosis of PVL and 
autopsy data. Nwaesei and colleagues reported 78% 
accuracy between ultrasound demonstration of in- 
creased echos or cysts in the periventricular region 
and the finding of PVL at autopsy in the correspond- 
ing site.” In addition, they made the important 
point that both haemorrhagic and non-haemorrhagic 
infarction may es identical neta on | ultra- 


S ear in a inai a he nes 
sound appearances of PVL (three non-cystic and 
two cystic), and there were no false negative 
diagnoses. In our study ultrasound failed to detect 
PVL in two babies (three hemispheres). In one 
hemisphere the changes were early and in the other 
Pwo there were cui ora abnormalities omy 


calcification) A discrete cyst “was “missed in one 
infant whose only scan was performed 48 hours 
before his death aged 5 days. The scan showed some 
flaring in the area where the cyst was subsequently 
observed at postmortem examination. The cyst 
undoubtedly would have been present at the time of 
the scan, and we cannot explain why it was not 
detected, but distortion may possibly have occurred 
during fixation to give a cystic appearance larger 
than it may Tae been i in VIVO, 


the ischaemic area in 25% of thee ae with 
PVL,'* and we found this in six of 34 (18%) 
hemispheres. There is, however, considerable con- 
troversy concerning the differentiation between 
parenchymal extension of intraventricular haemor- 
rhage and bleeding into a previously ischaemic 
lesion. Rushton and colleagues have recently re- 
ported eight infants with parenchymal abnormalities 
on ultrasound and at autopsy all showed PVL.! 
These authors proposed that this is the underlying 
aetiology to all parenchymal haemorrhagic lesions. 
The evidence for this is still far from conclusive and 
it is beyond the scope of this study to resolve this 
question. 

We have attempted to differentiate parenchymal 
extension of intraventricular haemorrhage from 
PVL by ultrasound scanning and report the relative 
incidence in a separate paper.'” The autopsy data 
reported here confirm that all cases of haemorrhagic 
infarction diagnosed by ultrasound were subse- 
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quently found to be correct. No infant with paren- 
chymal extension of intraventricular haemorrhage 
died in the acute stages and correlation in this group 
was not possible. We are encouraged, however, by 
the accuracy of ultrasound in diagnosing the range 
of PVL lesions reported here. This supports the 
validity of the ultrasound definitions that we have 
previously reported and used to evaluate prospec- 
tively a large group of very low birthweight 
infants. 1° 

We have had the opportunity of observing a 
variety of appearances in the immature brain that 
represent the range of perinatal ischaemic injury. 
The histologic appearances of PVL have been 
described originally by Virchow in 1867'° and later 
by Banker and Larroche.'! These appearances may 
be present without macroscopic abnormality, and 
we have shown that ultrasound can show both gliosis 
and the ‘white spot? of Banker and Larroche. 
Haemorrhagic infarction and subsequent cavitation 
is also readily diagnosed by ultrasound imaging. 
Two cases have been reported of infants showing 
extensive cavitation on sequential ultrasound scans 
in whom the echofree cystic lesions disappeared by 6 
months.!? 18 We report here pathological correla- 
tion with this sequence of scan findings. With 
collapse of the cystic cavities, compensatory ven- 
tricular dilatation occurred due to cerebral atrophy. 
As far as we know this is the only such pathological 
correlation reported to date. 

In conclusion, real time ultrasound scanning 
seems to be an excellent method for identifying the 
entire range of PVL lesions. It is of particular 
interest that apparently normal macroscopic brain 
appearances are echodense in the presence of 
microscopic calcification and gliosis. In addition, 
both the specificity and sensitivity of ultrasound is 
high for the diagnosis and exclusion of these lesions. 
We have confirmed that the ultrasound distinction 
between types of PVL as described elsewhere”? is a 
realistic and reliable proposition. 


We are grateful to the staff of the LRI and NCH neonatal units for 
their cooperation and to Dr Pippa Stocks for the collection of 
specimens. We thank Professor J S Wigglesworth for his opinion on 
the brain of the cot death infant. 

Dr Trounce is funded by the Spastics Society. 
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The metabolic load of stored blood. Implications for 
major transfusions in infants 
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SUMMARY Plasma electrolyte, intermediary metabolite, 


and hormone concentrations were 


measured in samples of 110 units of citrate phosphate dextrose blood being used for clinical 


transfusions. The most important changes from the 


physiological range were in sodium, 


potassium, glucose, and lactate concentrations. Mean sodium concentrations fell from 170 
mmol/l at the beginning of storage to 156 mmol/l at the end and mean potassium concentrations 


rose from 7 mmol/l to 25 mmol/. Glucose h 


beginning of storage and had only fallen to 15 mmol/l at the end. Mean lactate concentrations 
increased from 7 mmol/l at the beginning of storage to 25 mmol/l at the end. Many samples 


ntrations within the physiological range. Citrate 


phosphate dextrose blood contains a large substrate load that changes during storage and that 
should be taken into account when infants are transfused large volumes of blood. The strong 
correlation coefficients with duratien of storage for sodium, potassium, and lactate (—0-71, 0-91, 
and 0-90, respectively) indicate that concentrations of these substrates can be predicted within a 
narrow range if the duration of blood storage is known. 


Large quantities of stored blood may have to be 
transfused into very ill infants in a number of 
circumstances—for example, exchange transfusion. 
during and after surgery, or after acute haemor- 
rhage. Stored blood contains metabolically active 
substrates and electrolytes, which may be poorly 
tolerated by sick infants if given in large quantities. 
A number of studies have illustrated the serious 
metabolic effects of individual substrates from trans- 
fused stored blood.'* These effects may be modi- 
fied, however, by other substrates present in 
abnormal quantities. 

A more detailed knowledge of the substrate load 
of stored blood would enable potential metabolic 
disturbances to be accurately predicted when infants 
receive large blood transfusions. Furthermore. this 
information is essential for the interpretation of 
metabolic studies in critically ill infants. 

Although there is some information on the 
substrate content of stored blood,*” detailed quan- 
titative data on the substrate load and the effects of 
storage are not available. This study was designed to 
measure the electrolyte. metabolite, and hormone 
content of stored blood in relation to duration of 
storage. 


Methods 


Aliquots of 10 ml were taken from each of 115 units 
of citrate phosphate dextrose stored blood being 
used for clinical transfusions. Samples were taken 
before the six hour expiry time at room temperature. 
Blood was available for transfusion from the second 
day after collection after the completion of virolo- 
gical screening for hepatitis antigens. Eighty one 
samples were taken from blood between two and 
eight days after collection, and the remainder of the 
samples were evenly distributed over the subsequent 
four weeks from collection. 

Glucose, lactate, pyruvate, alanine, glycerol, and 
3-hydroxybutyrate concentrations were measured in 
perchloric acid extracts of 0-5 ml whole stored blood 
by the method described by Lloyd and colleagues.’ 
The remaining sample was centrifuged for five 
minutes and the separated plasma deep frozen for 
the subsequent batch analysis of electrolytes 
(routine laboratory autoanalyser (Astra or Chemis- 
pek)), total protein (Biuret method), and the 
hormones insulin,” cortisol,'° and growth hormone 
(radioimmunoassay, supraregional assay laboratory, 
Newcastle upon Tyne). 
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As all the above samples were deep frozen before 
analysis it was necessary to obtain further samples 
for the measurement of osmolality. Plasma samples 
were obtained, therefore, from a further 11 units of 
stored blood within a week of collection after five 
minutes of centrifugation. Osmotic activity was 
measured in these samples immediately by the 
method of freezing point depression, using an 
Advanced Instruments Micro Osmometer model 
3MO. 


Statistics. Statistical analyses were performed, using 
SPSS and SAS statistical packages on an Amdahl 
mainframe computer. Linear correlation and t test 
procedures were used as appropriate. 


Results 


Results of the various assays for the whole period of 
blood storage are summarised in the Table, which 
shows correlation coefficients, p values, and normal 
paediatric ranges. 


Sodium. During the period of storage, mean sodium 
_ concentrations fell from 170 mmol/l to 156 mmol/l 
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(170 to 156 mEq/l at 35 days (r=—0-71, p<0- 001) 
(Fig. 1). In the 81 samples obtained between two 
and eight days from collection sodium concentration 


was in the range of 162-182 mmol/l, with a mean 
(SD) of 170 (5-0) mmol/l. 


Potassium. During the period of storage, mean 
potassium concentrations increased from 7-0 mmol/l 
to 25-0 mmol/l (7-0 to 25-0 mEq/l) in the last week of 
storage (r=0-91, p<0-001) (Fig. 2). Between two 
and eight days from collection, the mean (SD) 
potassium concentration was 8-6 (2-0) mmol/l, with 
a range of 5-5-15-3 mmol/l. Thus the potassium 
concentration had already reached the upper limit of 
the physiological range by the second day of storage. 


Calcium and magnesium. Both stored blood calcium 
concentrations (mean (SD) 23 (0-4) mmol/l, 
(9-2 (1-6) mg/100 ml), range 1-8-3-7 mmol/l) and 
magnesium concentrations (mean (SD) 0-8 (0-2) 
mmol/l (1-9 (0-5) mg/100 ml), range 0-6-2-0 mmol/l) 
increased gradually during the period of blood 
storage (r=0-53, p<0-001, and r=0-33, p<0-001, 
respectively). There was a very wide scatter, 


Table Results of assays of electrolyte, metabolite, and hormone concentrations of stored blood 


Index No of Mean (SD) Range (mmoilf*} Normal Paediatric Correlation p Value 
samples concentration range (mmolll*} with duration 
(mmolli*} of storage 

Sodium 115 168 {6) 155 - 182 136 - 145 0-71 <0-001 

Potassium 115 110 (4-6) 55 - 246 35 - 5-6 0-91 <0-001 

Chloride 115 78 83) 69 - 86 98 - 106 -0-31 <0-001 

Calcium 114 2-3 (0-4) 1B =- 3-7 22 - 2-75 0-53 <0-001 

Magnesium 114 0-8 (0-2) 6 - 20 06 - 0:95 0-33 <0-001 

Total carbon dioxide 115 11-1 (2-8) 490 - 19 18 - 25 -0-25 <0-01 

Creatinine (pmol) 114 91 (14) 59 - 141 35 ~ 106 ~ 0-04 NS 

Urea H5 46 (1-2) L3 - 82 25 - 66 0-01 NS 

Total protein (¢/) 112 59-4 (4-7) 50 - 7 64 -~ 75 0-17 <0-05 

Albumin (¢/) 49 38-7 (3-3) 31 - 45 37 - BD 9-3 <0-05 

Glucose 115 192 (3-7) 8&4 -= 34 33 - 55 0-49 <8 
(Non-fasting) 

Lactate: 115 10-5 (4-6) 33 - 23:3 4 - 119 0-9 <0-001 . 

Pyruvate 114 0-24 (0-10) 001 - 0-57 O03 - 0-16 ~0-37 <0-001 

Alanine {14 0-38 (0-10) 0:02 - 0:68 O18 - 0-48 0-31 <0.001 

Glycerol 113 0-05 (0-02) 001 - 0-15 03 - 0-10 -0-03 NS 

3-Hydroxybutyrate 109 0-04 (0-04) 001 - 0-26 O01 - 0-34 (04 NS 

Non-esterified 104 0-65 (0-22) 0-25 - 1-54 02 - 1-45 0-22 <0-01 

fatty acids 

Insulin (mUV1) H +12-2 <40 - 334 50 ~ 40 0-413 N5 
(Fasting) 2 

Cortisol (nmol) HH +381 62 906 200 - omw NS 
(0800h) 

Growth hormone (mU/) 110 +3-2 01 -= 62:3 <12 O14 <0-1 
(Unstressed) 

Osmolality (mOsm/kg) 1] 314 (4) 308 - 320 - 


“Unless otherwise stated. 
tNon-~Gaussian distribution. 
NS=Not significant. 
Conversion: SI to traditional untts—-Sodium: | mmotl/i=! 


; potassium: | mmoVi=1 mEq/l; chloride: | mmol/=1 mEq; calcium: | mmoVl=4 mg/ 100 ml; 


magnesium: } mmoVi~w2-4 mg/100 mi: total carbon dioxide: 1 mmol/i=1 mEq/l; creatinine: | pmol/iw0-01 mg/100 mi; urea: | mmoVi~5-9 mg/100 mi; total 
protein: | g/l=0-1 p/100 ml; glucose: Immol/l~18 mg/100 ml; lactate: 1 mmol/l=9 mg/100 mi; pyruvate: I pmol/~0-009 ug/100ml; alanine: 1 mmoVi=1 mEg/i; 
glycerol 1 mmoll=1 mEq/l, 3-hydroxybutyrate: 1 mmoVi=1 mEq/l, non-csterified fatty acids: | mmo¥i=! mEq/l; insulin: | muns] U/ml; cortisol: 


i mmoVie0-04 g/100 mi; growth hormone: | mU/i~0-4 ng/ml. 
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Fig. 1 Results of assays of sodium concentrations for whole period of blood storage. Hatched area represents the normal 
range. 


Conversion: SI to traditional units—Sodium: 1 mmolM=1 mEq/. 
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Fig.2 Results of assays of potassium concentration for whole period of blood storage. Hatched area represents the normal 
range. 


Conversion: Si to traditional unis—Potassium: | mmol/l=1 mEq/. 


however, for both calcium and magnesium 
throughout storage. 


Total protein and albumin. Both total protein 
concentrations (n=112), mean (SD) 59-4 (4-7) g/l 
and range 50-70 g/l, and albumin concentrations 
(n=49), mean (SD) 38-7 (3-3) g/l and range 31-45 
g/l, increased slightly during storage (r=0-17, 
p<0-05, and r=0-3, p<0-05, respectively). 


Glucose. The glucose concentrations of all units of 
citrate phosphate dextrose stored blood were 
markedly above the normal non-fasting range 
throughout the period of storage (Fig. 3). There was 
a significant fall in glucose concentration during 
storage from around 20 to 15 mmol/l (360-270 
mg/100 ml) (r=—0-49, p<0-001). (Fig. 3). Between 
the second and eighth days of storage, mean (SD) 
glucose concentrations were 19-2 (3-5), mmol/l 
(n=81), with a range of 8-4-31-4 mmol/l. 


Lactate. Lactate concentrations rose significantly 
from around 7 mmol/l (63 mg/100 ml) at the 


beginning of storage to around 25 mmol/l at the end 


of storage (r=0-9, p<0-001) (Fig. 4). From the 


on 


Glucose concentration (mmol/| ) 
mn Ps) 


=) 
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second up to the eighth day from collection, mean 
(SD) lactate concentrations were 7-8 (1-8) mmol/l, 
with a range of 3-3~14-3 mmol/l. 


Pyruvate. Pyruvate concentrations in stored blood 
were widely scattered during the first week of 
storage, with a mean (SD) of 260 (110) umol 
(2:3 (1-0) mg/100 ml) and a range of 10-570 umol/l. 
There was a slight but significant fall in pyruvate 
concentrations during the storage period (r=—0-37, 
p<0-001). 


Alanine. Stored blood alanine concentrations also 
showed a wide scatter during storage, with a mean 
of 0-38 (0-10) mmoVI (0-38 (0-10) mEq/l) and a 
range of 0-02-0-68 mmol/l, but did increase slightly 
during storage (r=0-31, p<0- 001). 


Insulin, cortisol, and growth hormone. Neither 
insulin nor cortisol were totally degraded in stored 
blood and both showed appreciable concentrations 
throughout the period of storage. The mean insulin 
concentration was 12-2 mU/l, with a range of 
<1-33-4 mUA, and mean cortisol concentration was 
301 nmol/l (10-9 pg/100 ml), with a range of 62-906 





Storage period (days) 
Fig. 3 Results of assays of glucose concentrations for whole period of blood storage. Hatched area represents normal 


range. 
Conversion: SI to traditional uniss—Glucose: 1 mmoVl~18 mg/100 mi. 
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Fig. 4 -Results of assays. of lactate concentrations for whole period of blood storage. Hatched area represents normal range. 


Conversion: Si to traditional units—Lactate: 1 mmoVi=9 m@g/100 ml. 


nmol/l. These concentrations were not significantly 
correlated with duration of storage. The mean 
growth hormone concentration was 3-2 mU/I, with a 
range of 0-1-62:3 mU/l. Concentrations were not 
correlated with the age of blood. 


Osmolality. The osmolality of all the 11 units of 
blood less than one week old analysed was above the 
upper limit of the physiological range (290 mOsm/ 


KB). The mean (SD) osmolality in the-samples was - 
4 ( 


(4)mOsmi/kg, with a range of 308-320 mOsm/kg. 
Discussion : | 


The electrolyte and substrate content ol stored 
blood is derived from the addition of: — 

(i) citrate phosphate dextrose adenine anticoagu- 
lant preservative solution; 

(ii) the metabolism of Stored blood cells; 

(iii) the volume and plasma constituents of the 
danor blood. 

The anticoagulant preservative solution i increases 
both the sodium and glucose concentrations of 
stored, blood by roughly 20 mmol/l. 

Even during storage at 4°C, red cell metabolism 


continues anaerobically and lactate is produced by 
glycolysis. 

The data presented in this study show that citrate 
phosphate dextrose stored blood contains a large 
substrate load, which alters during storage. Further, 
it is possible to predict accurately. the sodium, 
potassium, glucose, and lactate load of a given unit 
of blood if the duration of storage is known. 

What are the implications of these findings? The 
clinical situations of exchange transfusion in the 
neonate and transfusion after surgery and haemor- 
rhagic shock can be used to illustrate s some of the 
important metabolic effects. 


Hypernatraemia. Citrate phosphate dextrose blood 
within the first week of collection is used for 
exchange transfusions. From the data presented in 
this paper, therefore, the mean (SD) sodium con- 
centration of the donor blood will be 170 (5) mmol/l. 
After an exchange transfusion 85-90% of the blood 
volume may be derived from stored- blood. The 
osmolality of the stored blood plasma is higher than 
that of normal plasma (see above) and will cause 
considerable water and electrolyte flux. The plasma 
sodium concentration will rapidly increase to hyper- 


natraemic concentrations, with its accompanying 
dangers. !! 

Hypernatraemia has been documented as a ‘tran- 
sient phenomenon’ after exchange transfusions” 
and is more common in infants of low birth weight. !° 
This transient phenomenon cannot be related to 
rapid excretion, as even full term healthy neonates 
cannot rapidly excrete a sodium load."* It is prob- 
able that this excess sodium will be distributed 
throughout the extracellular space, thus expanding 
it at the expense of intracellular water. 

These changes in intracellular water will also 
result in a reduction of brain cell volume, may cause 
overall shrinkage of the brain, and may result in low 
intracranial pressure, causing capillary dilatation 
and subsequent vessel rupture. Exchange trans- 
fusion is a known aetiological factor in neonatal 
cerebral haemorrhage. 


Hyperkalaemia. Hyperkalaemia sufficient to induce 
serious cardiac arrhythmias has been described 
during exchange transfusions.” Our data show a 
significant rise of potassium concentration during 
the first week of storage, which is related to a 
pronounced reduction in the activity of cell mem- 
brane Na‘/K" adenosine triphosphatase during 
storage at 4°C.’° As a result, sodium and potassium 
are pumped back against their concentration gra- 
dients more slowly than the rate of passive diffusion. 


Hyperglycaemia. The glucose load of all citrate 
phosphate dextrose stored blood has a mean con- 
centration of 19-2 mmol/l. Thus a rapid large volume 
exchange transfusion may induce severe hyper- 
glycaemia. ” - Hyperglycaemia 1 is known to interfere 
with platelet function’? and is now known to affect 
adversely neurological recovery from cerebral 
ischaemia. Less mature infants respond to a 
glucose stimulus with a lower insulin output whose 
peak concentration may occur up to two hours later, 
thus making them susceptible to the development of 
rebound hypoglycaemia. !” 

Hyperglycaemia unrelated to infusion of glucose 
has been described in infants with hypernatraemia 
whose insulin responses were inappropriately 
low.” ?! Insulin facilitates active transport of glu- 
cose into brain cells, 
circumstances glucose would be an. extracellular 
obligate osmole and, therefore, along with sodium, 
increase the cellular dehydration. 

The metabolic stress response to surgery and 
haemorrhagic shock with the associated increase in 
glucagon, catecholamine, and cortisol concen- 
trations’ may modify the handling of the substrate 
- load of blood transfused during the perioperative 
period. In.contrast to these hormones that stimulate 


22 but in those clinical. 
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gluconeogenesis,~ insulin secretion is suppressed 
during surgical stress, and cellular glucose uptake is 
consequently reduced. In these clinical circum- 
stances lactate is also used for gluconeogenesis. 

Anaerobic metabolism secondary to poor tissue 
perfusion in haemorrhagic shock produces lactic 
acidaemia. The transfusion of stored blood with a 
raised lactate concentration, mean concentration of 
8-0 mmol/l during the first week of storage, will 
accentuate the metabolic acidosis. 


x 


Conctusions 


The use of very recently stored citrate phosphate 
dextrose blood does not prevent the administration 
of large sodium and glucose loads. The effect of 
each of these substrates may increase the adverse 
effects of the other, particularly in relation to 
neurological damage. Potassium and lactate concen- 
trations rise rapidly, and, even within the first week 
of blood storage, may have produced concentrations 
considerably above the physiological range. 

The changes in concentration of other electrolytes 
and intermediary metabolites illustrate the altera- 
tion in red cell permeability and continuing metabol- 
ism during blood storage. These results and the 
preservation of some hormones. in stored blood are 
important considerations in metabolic studies 
carried out in infants. 

The good correlation coefficients with duration of 
storage for sodium, potassium, and lactate indicate 
that concentrations of these substrates can be 
predicted within a narrow range in a given unit of 
blood if the duration of storage is known. 

These data would support the use of fresh blood 
collected in heparin for large volume transfusions 
both in infants who have short gestational ages and 
infants who are very ill to avoid these potential 
problems. 
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Infantile diarrhoea due to water complementation of 
breast: and bottle feeding 


S PORTOIAN-SHUHAIBER 
Paediatric Department, Al-Sabah Hospital, Kuwait 


SUMMARY ‘This study investigated the prevalence of unusual infant feeding. practices among 204 
mothers of infants aged 1-12 months, who were admitted with acute diarrhoea to the only two 
national hospitals in Kuwait. Ninety per cent of the mothers boiled water to prepare a powdered 
milk formula, but only 15% boiled water for drinking. 

Thirty nine infants (19%) were admitted more than once. Better family state in terms of 
socioeconomic class, maternal education, and breast feeding gave some protection. against 
re-admission; though this was not significant. It seems that the condition of drinking water is an 
important cause of diarrhoea and hence of re-admission. The number of re-admissions was twice 
as high among infants drinking unboiled (unfiltered or mineral) water than among those drinking 
boiled or unboiled but filtered water. Breast feeding is protective if no extra. water is given. 


Kuwait is a small country situated at the head of the 
Arabian Gulf with a population of 1-3. million and 
with 50 000 live births every year. The water supply 
in Kuwait is derived from distillation of sea water; 
some areas are supplied through pipes, others by 
water tankers. The water is- usually muddy, and 
most houses have filters to clear it. Some families 
use mineral water, and at least 35 types are 
imported to Kuwait. In a recent study it was claimed 
that 55% of ‘mineral water’ imported to Qatar 
was tap water. (Kotb A. Personal communica- 
tion.) Although many mothers prepare formula 
feeds with boiled, cooled water, they tend ‘to 
give additional drinking water to the infants from 
any source.’ In hot weather infants probably drink 
more water than breast milk or formula. 

The aim of this study was to ascertain if there was 
an association between the types of water used and 
the frequency of admission due‘to acute infantile 
diarrhoea. 


Patients and methods 


A total of 204 mothers of infants aged 1-12 months 
were interviewed when their infants were admitted 
with acute diarrhoea to Al-Sabah and Al-Ameri 
Hospitals (the only two national hospitals in 
Kuwait), during four months between early March 
and the end of June 1981. The population studied 
was multi-national, comprising many Arab and 


Asian countries. The interviews (carried out by S 
P-S and two trained social.workers) included details 
of: living area, referring clinic, birth place, age, sex, 
nationality, weight at birth, weight on admission, 
the mother’s education and occupation, and father’s 
social class (1, H, UI, IV, or V, classified according 
to the general registrar classification of occupation 
for the United Kingdom). 

Each mother was asked how she defined di- 
arrhoea, the number of attacks of diarrhoea at home 
since the baby’s birth, and the remedies used; the 
number of attendances at paediatric clinics because 
of diarrhoea; the number of admissions to hospital 
because of diarrhoea; the type of feeding (breast or 
bottle, or both) being used on admission to hospital; 
and the: duration of breast feeding. The brand of 
milk being used on admission and the number of 
bottles and teats and the method of sterilisation 
employed were also ascertained. It was also deter- . 
mined whether water was administered to the infant 
other than as milk, the source of drinking water, 
whether it was boiled or unboiled (filtered, unfil- 
tered, or mineral) and whether water was given 
during each episode of fever, diarrhoea, or vomit- 
ing. 

Stool culture and microscopic examination were 
undertaken at least three times after admission, but 
virological investigation was not possible. Infants 
with chronic diarrhoea—that is, lasting more than 10 
days, infants weighing less than 2-5 kg or requiring 
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incubator care at birth, and infants showing de- 
velcpmental delay or anomalies were excluded from 
analysis of the results. 

The questionnaries were analysed by computer 
and included tabulations and y“ analysis. 


Results 


Sex, age group, and type of feeding. Two hundred 
and four infants were admitted (124 boys and 80 
girls), of whom 59 (29%) were breast fed, 115 (56%) 
artificially fed, and 30 (15%) were on mixed feeding 
(breast and artificial) at the time of admission. 
Forty five (22%) were aged 1-3 months, 49 (24%) 
were.aged 3-6 months, 56 (27%) were aged 6-9 
months, and 54 (27%) were aged 9-12 months. 

Infants from all age groups were admitted in equal 
rati6s. More boys than girls were admitted in each 
group, but the difference was not significant. There 
was no association between type of eee and age 
groups OF sex. 


Type of drinking water given between feeds. In all, 
199 (98%) mothers gave water between feeds, with 
only five giving none. Among those who gave water, 
30 (15%) gave water after boiling, 97 (49%) gave 
filtered (unboiled) water, 51 (26%) gave unfiltered 
(unboiled) water, and 21 ane): gave unboiled 
mineral water. 

The difference in water use among mothers with 
different feeding practices was significant. Only five 
infants did not receive any extra drinking water, and 
all cf these were breast fed and aged between 2 and 
6 months. The use of boiled water was four times 
more prevalent among bottle than breast fed infants 
(breast fed 5%, bottle fed 20%, and mixed feeding 
13-5%). Filtered water was used in similar percen- 
tages of infants on the different types of feeding 
(breast fed 51%, bottled fed 48%, and mixed 
feeding 40%). The unfiltered water was used in 
various percentages (breast fed 29%, bottle fed 
19%, and mixed feeding 40%). The mineral water 
was used more often in infants who were bottle fed 

“(13% ) than in infants who were breast fed (7%) or 
on mixed feeding (6-5%). z 


Socioeconomic class of father. Breast feeding has 
been shown to be significantly higher among infants 
of social classes IV and V than of social classes I, I, 
and III (p<0-001).! 


The difference in water used among different | 


social classes was significant (p<0-001), except for 
the use of filtered water, which was similar in each 
class (range 41-57%). Of 36 infants from social 
classes I and II, 10 (28%) received mineral water, 
nine (25%) received boiled water, only one received 


unfiltered water, and one received no water at all. 
Of 82 infants from social class III, 18 (22%) received 
boiled water, nine (11%) received mineral water, 
and eight (10%) received unfiltered water. Of 86 
infants from social classes IV and V, however, 42 
(49%) received unfiltered water, three (3%) re- 
ceived boiled water, two (2%) received mineral 
water, and four (5%) infants received no water. 


‘Maternal education. The difference in water use 


among mothers with varying levels of education 
(grouped as illiterate, primary, secondary, or uni- 
versity) was significant (p<0-001). It was broadly 
similar to the social class distribution. Mothers from 
each group give filtered water in nearly equal 
percentages (range 44-48%). Of 108 mothers 
classed as illiterate, however, 48 (44%) gave un- 
filtered water, seven (6%) gave boiled water, four 
(4%) gave no water, and only one gave mineral water. 
Of 48 mothers with some education (primary or in- 
termediate), 11 (23%) gave boiled water, ‘seven 
(15%) gave mineral water, and three (6%) gave 
unfiltered water to their infants. Of 48 mothers with 
higher education (secondary or university), all gave 
some water, 13 (27%) gave mineral water, 12 (25%) 
gave boiled water, and no one gave unfiltered water. 


Amount of water given during episodes of fever, 
vomiting, or diarrhoea. Although most mothers 
gave water on most days, only 58 (29%) considered 
it necessary to give water ‘always’ during episodes of 
fever, vomiting, or diarrhoea, 85 (42%) gave water 
‘sometimes’, and 61 (30%) did not give any extra 
water. The difference in water use during episodes 
of fever, diarrhoea, or vomiting among mothers 
with different feeding practices was significant 
(p<0-001). Twenty five (42%) of the breast feeding 
mothers gave no extra water during an attack 
compared with 26 (23%) of mothers who bottle fed 
and 10 (33%) of those giving mixed feeds. Some 
mothers thought water would aggravate vomiting or 
diarrhoea. 


Re-admitted infants. Thirty nine (19%) infants had 
more than one re-admission to hospital. No associa- 
tion was found between re-admission and age group 
of sex. Some association between re-admission and 
type of feeding, however, was apparent, though this 
/ was not significant. Nine (15%) breast fed infants, 
27 (23%) bottle fed infants, and three (10%) infants 
on mixed feeding were re-admitted to hospital. 

An association between social class and re- 
admission was noted, though again this did not 
reach significance. Five (14%) of the 36 infants in 
social classes I and II, 18 (22%) of the 82 in social 
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Table Re-admission rates among infants receiving different types of feeding and water 
No (eadnaslon %) of infants classed Total No 
according to type of water received (re-admission %) 
- of infants 
No water Boiled Filtered Unfiltered Mineral (n™204) 
Breast 5 (0) 3 (0) 30 (13) 17 (18) 4 (50) 59 (15) 
Bottle a 23 (22) 55 (15) 22 (46) 15 (27) H5 (24) ~ 
Breast + bottls m 4 (0) 12 (8) 12 (17) 2 (0) 30 (10) 
Total 5.(0) 30 (17) 97 (14) 51 (30) 21 (29) 


class HI, and 16 (19%) of the 86 infants in social 
classes IV and V were re-admitted. 

There was no association between maternal 
education and re-admission. Twenty two (20%) 
infants of mothers classed as illiterate, nine (19%) 
infants of mothers classed as of primary or in- 
termediate education, and eight (17%) infants of 
mothers classed as of secondary or university 
education were re-admitted. 

Type of drinking water and re-admission how- 
ever, were associated (Table). Of five infants 
aged 2-6 months who were breast fed and receiving 
no extra water, none were re-admitted. Of 30 
infants having boiled water only, five (22%) of 23 
infants who were bottle fed were re-admitted.- No 
re-admissions were reported among breast fed 
infants or infants on mixed feeding. For the 97 
infants on filtered water, re-admission was similar 
for the different types of feeding (breast fed 
13%, bottle fed 15%, and mixed feeding 8%) 
For the 51 infants on unfiltered water, the chance of 
re-admission was three times higher in bottle fed 
infants than in breast fed infants or infants on mixed 
feeding (breast fed 18%, bottle fed 46%, and 
mixed feeding 17%). Of 21 infants on mineral 
water, re-admission was twice as common in breast 
fed as in bottle fed infants. 


There was a positive association between the . 


number of bottles used and the frequency of 
admission (p<0-001). Out of 88 infants who had 
between one and three bottles, nine (10%) were re- 
admitted, and out of 57 infants having more than 
four bottles, 18 (32%) were re-admitted. 

There was no association between re-admission 
and the type of micro-organisms detected in the 
stools. 


Microbiological analysis of stool. Stool specimens 
were positive for micro-organisms in only 26 infants. 
Nine grew pathogenic Escherichia coli, nine Sal- 
monella species, two Shigella species, and six Giar- 
dia lamblia, There was no; association between 
positive stool culture and water use, type of feeding, 
or maternal education. though a relative association 


204 (19) 


with social class was apparent. Infectious diarrhoea 
was higher among the lower social classes (p=0-06). 


Discussion 


In this study of 204 infants existing feeding practices 
in the two hospitals (breast 29%, bottle 56%, and 
mixed 15%) were no different from. those de- 
scribed in a community study of 966 infants in the 
same age group of less than I year (breast 32%, 
bottle 58%, and mixed 10%).* There seemed to be 
some association between admission and feeding 
practice, but this was not significant. 

The results of this study suggest that many factors 
other than breast feeding are associated with fre- 
quency of infant admission for acute diarrhoea. 
Breast feeding did not seem to be protective against 
either single or multiple admissions if water was 
given as a supplement. The highest rate of .re- 
admission was among infants on bottle feeding who 
received unfiltered water and infants .on breast 
feeding who received mineral water; the lowest rate 
of readmission was among infants on breast feeding 
who received boiled water. 

A recent study by Taylor et al showed that 
admissions to hospital for gastroenteritis in the first 
year of life were marginally less likely in breast fed 
infants.’ In a similar survey in New Zealand, which 
investigated a wide range of gastrointestinal ill- 
nesses, there seemed to be some protective effect 
from breast feeding.‘ > This effect was restricted, 
however, to the first four months of life. Other studies 
in the UK and United States assessing the role of 
breast feeding in rates of hospital admission for 
gastroenteritis have shown conflicting results, some 
showing a benefit (usually without sufficient consid- 
eration of possible confounding associations)? and 
others showing no protection.!° '! In the present 
study more than: half of the mothers classed as 
illiterate were exclusively breast feeding their babies 
and giving unboiled (unfiltered) water for drinking. 
Yet the overall frequency of re-admission was not 
significantly higher from this group than from the 
other groups. On the other hand, the infants of 
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educated mothers were mostly fed artificially using 
predominantly boiled or filtered water. The overall 
frequency of re-admission in these infants was 
lower, unless mineral water was used, which 
doubled the frequency of admission. Frequency of 
admission was significantly associated with the 
number of bottles used (more than three bottles). It 
may have been that the more bottles used the less 
carefully they were sterilised. 

Mothers who breast fed infants used significantly 
less drinking water on ordinary days and during 
episodes of fever, diarrhoea, or vomiting, probably 
because of low demand or unavailability of feeding 
bottles: mothers giving artificial feeding alone or as 
a supplement used water more often. This could be 
anather reason that fewer breast fed infants were 
admitted, as fewer were exposed to contaminated 
water and utensils. In a recent case control study of 
cholera in infants from Bahrain Gunn et al’ did not 
determine whether breast milk had a physiological 
preventive effect or whether its use simply mini- 
mised exposure to contaminated liquids and food. 

Although in almost all studies different types of 
feeding were treated as separate variables, this does 
not necessarily mean that the infant received 
nothing else. As is shown in the present study, 98% of 
mothers gave water to their infants because of the 
hot climate, even though they were breast fed. Both 
the factors of exposure to the contaminated bottles 
and the use of unsuitable unboiled (unfiltered or 
mineral) water for infants were unavoidable. 

There is no evidence that mineral water does not 
contain micro-organisms, as not every bottle can be 
analysed microbiologically. The chance of survival 
of micro-organisms in mineral water depends largely 
on its pH and whether it is aerated. In general, 
survival of enteric bacteria decreases at pH values 
below 5-0, but the pH of most mineral water ranges 
from 7-2-7-8. 

Most of the published studies have related di- 
arrhoea simply to breast or bottle feeding without 
considering mixed feeding. This study showed that 
fewer infants on mixed feeding were re-admitted, 
though the differences did not reach significance. 
Cullinan found that the incidences of symptoms of 
‘running nose’, ‘colic’, and ‘thrush’ were lowest 
among babies on mixed feeding." 


It has been said that breast milk is the best infant 
food where water supplies are bad and hygiene is 
difficult. This study, however, showed that breast 
feeding is not sufficient protection, as no infant is 
exclusively breast fed after the neonatal period. 
Water hygiene is probably the key factor in decreas- 
ing the incidence of diarrhoeal disease. 


My thanks are due to Dr Tim Cullinan, St Bartholomew’s Medical 
School, Professor John Forfar, Edinburgh University, and Pro- 
fessor Gavin Arneil, Glasgow University, for reviewing the paper 
and to Mrs Philomena Correa for typing the manuscript. 
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Favourable prognostic features in histiocytosis X: 
bone involvement and absence of skin disease 


V BROADBENT 
The Hospital for Sick Children, London 


SUMMARY ‘The records of 70 patients presenting to this hospital since 1961 with histiocytosis X 
confirmed by biopsy examination have been reviewed. The patients were subdivided into three 
groups: group A, those under 2 years of age at diagnosis; group B, those between 2 and 5 years; 
and group C, those over 5 years. All eight patients who died (11% overall mortality) were under 
2 years of age at diagnosis. Involvement of lung, liver, and bone marrow were confirmed as poor ` 
prognostic features. The presence of bone disease and absence of skin rash were identified as 


favourable features. 


Langerhans’ cells, Kupffer’s cells, bone osteoclasts, 
microglial cells, and alveolar macrophages together 
with circulating monocytes are all histiocytes and are 
derived from a bone marrow stem cell.! Histiocytes 
are also found in pleura, peritoneum, lymph nodes, 
and spleen. The disease histiocytosis X can affect 
any of these organs and therefore has a wide clinical 
range. Although aetiology and treatment remain 
controversial, * there is uniform agreement with 
Komp? and Lahey‘ that young children under 2 
years of age with vital organ (lung, liver, and bone 
marrow) dysfunction fare badly, with a 10-20% 
mortality. At the other end of the range, patients 
with single system bony disease have negligible 
mortality, „although morbidity may be con- 
siderable." © These facts have led me to question 
whether the presence of bone disease in an other- 
wise poor prognostic group confers.a more favour- 
able outcome. Skin disease is the next most common 
presenting feature after bone disease but its import- 
ance as a prognostic factor has not been previously 
assessed. 


Patients and methods 


The records of 70 patients with histiocytosis X 
confirmed histologically attending this hospital be- 
tween 1961 and 1982 were reviewed to determine 
the incidence of specific disease manifestations at 
diagnosis and to establish their relative prognostic 
importance. For comparison with the prognostic 
groups described by Komp? and Lahey,’ the patients 
were subdivided into three groups: group A, those 


patients under 2 years at presentation; group B, 
those from 2 to 5 years, and group C, those over 
5 years. 

Tests for significant prognostic differences be- 
tween groups of patients with different presenting 
features were carried out using either the x° test, 
incorporating Yates’s correction for continuity, or 
with small samples the Fisher exact probability test 
on 2X2 contingency tables. 


Results 


The age range extended from <1 month, four 
children having been born with skin disease, to 14 
years. Forty two patients were boys, which was in 
line with a reported 2:1 male:female pre- 
ponderance.® Twenty patients had single system and 
50 multisystem disease. The number of patients in 
each of the groups is given in Table 1. 


Mortality. Eight patients (five boys and three girls) 
in the study died, an overall mortality of 11%. All of 
these patients were in group A and all had multi- 
system disease with involvement of vital organs (lung, 


Table 1 Details of the study groups 


Group Age (years) Total Boys Giris Deaths 
A <2 40 2 18 8 

B 2-5 15 7 8 0 

C >5 15 14 1 0 
Deaths 8 5 3 
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liver, and bone marrow). One child died at the age 
of 4 years but originally presented at 1 year with skin 
and scalp rash, widespread bony lesions, bone 
marrow infiltration, diabetes insipidus, and failure 
of growth hormone. At postmortem examination 
she was found to have widespread disease, including 
involvement of dura, pericardium, and gut. All the 
other children died before reaching 2 years of age. 


Bony disease. Bone involvement was identified in 
82% of patients studied. Flat bones, especially the 
skull, were involved more often than long bones. A 
soft tissue swelling invariably overlaid a typical 
radiotranslucent area on x ray film and produced 
symptoms depending on its location. These included 
proptosis from periorbital disease, suppurative mas- 
toiditis from temporal bone involvement, and loss of 
teeth from gum disease. The axial skeleton was the 
next commonest site of bony lesions followed by the 
long bones. Lesions at these sites gave rise, to 
regional pain and stiffness and resulted in voluntary 
immobilisation of the affected area. 

Only five (16%) of the 32 patients with bony 
disease in group A had single system disease, 
whereas 10 (76%) out of-13 with bony disease in 
group C had single system disease. Of the 12 
patients with multisystem disease who did not have 
bone involvement, four (33%) died, whereas of 38 
patients who had multisystem disease that included 
bonv disease only four (11%) died. This difference 
was significant (p<0-02) using the x? test on a 2X2 
contingency table. For group A the.difference was 
even more pronounced (50% (four of eight) of the 
patients with multisystem disease without bone 
involvement died, whereas only 15% (four of 27) of 
those with bone involvement died; Table 2). The 
smaller sample size, however, meant that this 
difference was not significant (p=0-522). 


Skin disease. Thirty eight patients presented with 


skin involvement, an overall incidence of 54%. Four 


Table 2 Incidence of disease involving bone in the three 
study groups. Numbers in parentheses are deaths 


Total Muditisystem disease Single system 
patients disease 
No bony Bony 
isease dtsease 

Group A # (8) 8 (4) 2? (4) 5 (0) 
Group B 15 (0) 2 (9) 8 (0) 5 (0) 
Group C 15 (0) 2 (0) 3 (9 {6 (8) 
Total 70 (8) 12 (4) 38 (4) 30 (0) 
% Deaths ll 33 11 0 


Difference between deaths with no bony disease compared with deaths with 
bony disease, p<0-02. 


babies were born with skin lesions. Skin disease was 
always an initial presenting feature. In no case did it 
first occur during subsequent course of the disease. 
There was a higher incidence of skin rash in group A 
(68%) than in groups B and C (Table 3). The rash 
varied from a few discrete pinhead lesions confined 
to the trunk to severe flexural eczematous lesions to 
florid haemorrhagic confluent weeping areas with 
crusting. The scalp rash was usually mistaken for 
chronic seborrhoeic dermatitis or ‘cradle cap’. 

Generalised skin disease at presentation was a 
poor prognostic factor. All patients who died had 
this feature, and the overall mortality for those with 
skin disease was 21%. None of the patients present- 
ing without skin disease died. The significance of 
this difference using the y? test was p<0-025. 
Although skin disease was more common in 
the youngest, highest risk age group (group A), 
those presenting without skin disease within this 
group were significantly more likely to survive 
(p=0-029, using the Fisher exact probability test; 
Table 3). 


Involvement of vital organs. For the purpose of this 
study involvement of vital organs comprised bone 
marrow, liver, and lung as in most large series 
dysfunction of these organs is a poor prognostic 
feature. Involvement of vital organs. was found most 
exclusively in group A, with lungs being the 
commonest organ involved at presentation. Only 
four children in group B presented with involvement 
of vital organs. Two children in group C presented 
with this feature and again the organ involved was 
the lung. Chest x ray films were used to assess 
involvement, with lung. function testing being used | 
in only a few patients. Liver function tests were 
usually only performed if there was clinical enlarge- 
ment of the organ, and a bone marrow aspiration 
was performed if the peripheral blood count was 
abnormal in any way. 

All the patients who died developed dysfunction 
of vital organs during the course of their disease, but 


Table 3 Incidence of skin disease in the three study 
groups. Numbers in parentheses are deaths 


Total No with No without % With 
patients skin disease skin disease skin disease 
Group A 40 (8) Z7 (8) 13 (0) 68 
Group B 15 (0) 8 (0) 7 (0) 53 
Group C 15 (0) 3 (0) 12 (0) 20 
Total 70 (8) 38 (8) 32 (0) 34 
% Deaths 1] 21 0 100 


Bee Tete OEE eaten WHILE Cie ane compare With Gai witi G 
skin disease, p<0-(125. 
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Table 4 Involvement of -vital organs in the three study 
§roups l 





Total Organ involved 
patients 
Lungs Liver Bone marrow 
Group A 40 H 10 9 
Group B 15 2 I f 
Group C 15 2 0 0 
Deaths 8 8 8 8 


bone marrow and liver dysfunction were rare 
presenting features (Table 4). 


Discussion 


Identification of prognostic groups within the dis- 
ease range of histiocytosis X has become more 
important with the changing concept of the disease 
from: malignancy to an intercellular communication 
disorder.” It is no longer justifiable to tréat this 
non-malignant disease with potential carcinogens, 
so that cytotoxic drugs are becoming reserved for 
very poor prognostic cases who do not respond to 
steroids. Prognostic, groups have, previously been 
described by Komp? and Lahey.* This study con- 
firms that children under 2 years of age with 
involvement of vital organs form the poorest prog- 
nostic group. Within this group have been idéntified 
two other features of prognostic importance — 
presence of bony disease and skin rash at diagnosis. 

Patients with disease totally confined to bone do 
well and require no treatment provided that the 
bone involved is not weight bearing or surrounding a 
vital structure, such as the optic nerve or spinal 
cord. Those patients in this series who had bone 
involvement as part of multisystem disease had a 
more favourable outcome than those who did not, 
and this was most pronounced in the youngest age 
group. 

In this series skin involvement at diagnosis was 
most common in the youngest age group and carried 


a considerably worse prognosis within this group. It 
was invariably part'of multisystem disease. 

In a disease characterised by spontaneous remis- 
sions and relapses assessment of therapeutic regim- 
ens is difficult. Both combination and single agent 
chemotherapy are associated with short and long 
term side effects,’ which may not now be acceptable 
with the changing concept of the disease. Un- 
doubtedly, children have been overtreated in the 
past. Very young children with multisystem disease, 
which includes bony disease, may not require 
potentially toxic treatment, but those without bone 
involvement who have vital organ disease, including 
skin disease, are the group with highest mortality 
and may benefit from new approaches to treatment. 


I acknowledge the encouragement and support of Dr J Pritchard in 
the preparation of this paper. 
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Diabetes insipidus and occult intracranial tumours 


M C SHERWOOD, R STANHOPE, M A PREECE, AND D B GRANT 
Department of Growth and Development, Institute of Child Health, London ` 


SUMMARY We describe four patients with intracra- 
nial tumours who presented with diabetes insipidus 
and subsequently developed an evolving anterior 
pituitary endocrinopathy. The delay in imaging the 
tumours varied between 2-1 and 11-2 years (mean 
5-4 vears). 


Most pituitary endocrine deficiencies of childhood 
are idiopathic,' but central nervous system lesions” 
as well as idiopathic disease may produce a progres- 
sive loss of pituitary function with time (evolving 
endccrinopathy). The association of diabetes insipi- 
dus with evolving anterior pituitary endocrinopathy 
is sinister and points to the presence of an hypo- 
thalamopituitary tumour;' such tumours usually 
manifest their presence ‘within four years of the 
onset of diabetes insipidus.” 

We present four cases of diabetes insipidus 
secondary to occult intracranial tumours and discuss 
features that may -help diagnosis. 


Case reports 


Case 1. This girl was referred when aged 11-8 years 


because of secondary enuresis and polydipsia from | 


the age of 3 years and the onset of growth failure 
between 6 and 7 years. At 12-2 years (Table) an 
inadequate growth hormone response to insulin 


induced hypoglycaemia (peak growth hormone <1 
mU/l) was produced in addition to an abnormal 
plasma thyroid stimulating hormone (TSH) re- 
sponse to intravenous thyrotrophin releasing hor- 
mone (TRH) (basal TSH 5-0 mU/, rising to 16 mU/I 
at 20 minutes and 22 mU/ at 60 minutes after TRH 
200 pg). Secretion of gonadotrophin, prolactin, and 
cortisol was normal. Fundoscopy, visual fields, skull 
x ray, and computed tomography of the hypothala- 
mopituitary region showed no abnormality. She was 
treated with human growth hormone and 1- 
deamino-8-p-arginine vasopressin (DDAVP). On 
this regimen her growth accelerated from 2-3 to 8-7 
em/year. At 14-2 years she remained prepubertal. 
Morning plasma cortisol concentration was low (140 
nmol/l at 0800h), indicating adrenocorticotrophic 
hormone (ACTH) deficiency, and serum thyroxine 
concentrations (55 nmol/l) had fallen below normal. 
Fundoscopy, visual fields, and skull x ray remained 
unchanged, but a further computed tomogram 
revealed a small hypothalamic tumour, which was 
treated by radiotherapy without biopsy examina- 
tion. Puberty was induced by administration of 
oestrogen and a computed tomogram, at 17 years, 
showed no evidence of a tumour. 


Case 2. This boy presented at 6-6 years of age with 
an 18 month history of polyuria and polydipsia. 
Height was on the 50th centile with a normal growth 
velocity. Plasma cortisol (900 nmol/l) and serum 


Table Clinical and endocrine data for four patients with diabetes insipidus due to intracranial tumours 


Case Sex Age at Age at Age at detection of anterior pituitary endocrinopathy (pears) Age at diagnosis Delay from 

No onset of onset of rr OSAA sympioms to 
diabetes growth Growth TSH ACTH Gonado- tumour (years) diagnosis 
insipidus fallure harmone trophins (years) 
(years) (years) 

1 F 3-0 6107 12-2 12-2 14-2 14-2 14-2 11-2 

2 M 5-1 Normal Normal 6-6 8-0 ? 8-0 2-9 

growth 
3: F "67 6-7 7-7 12-2 12:2 12-2 12-2 5-5 
4 F 60 7-0 7-3 8-1 8-1 ? 8-1 2-1 


ACTH Adrenocorticotrophic hormone; TSH=Thyroid stimulating hormone. 
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growth hormone (>40 mU/I) responses to insulin 
induced hypoglycaemia were normal. Plasma TSH 
showed an abnormal response, however, to in- 
travenous TRH (basal TSH <1 mUA, rising to 3-7 
mU/I at 20 minutes and 5-7 mU/I at 60 minutes), 
although serum thyroxine concentration (73 nmol/l) 
was normal. Computed tomography of the hypotha- 
lamopituitary region showed no abnormality. Treat- 
ment was begun with DDAVP. At 8 years a low 
morning plasma cortisol concentration (150 nmol/l 
at 0800h) indicated probable ACTH deficiency, but 
secretion of growth hormone was normal. Skull 
x ray showed enlargement of the pituitary fossa, and 
a small suprasellar mass was shown on computed 
tomography. Transsphenoidal exploration revealed 
a craniopharyngioma, which was partially resected, 
and radiotherapy was administered postoperatively. 


Case 3. This girl presented at 6-7 years with diabetes 
insipidus and growth failure. Growth hormone 
deficiency (peak <1 mU/) was shown in response to 
hypoglycaemia; other tests of anterior pituitary 
function, including serum prolactin, were normal, as 


were computed tomograms at 7, 7-5, and 8 years of 


age. At 9 years an air encephalogram and further 
computed tomogram (Figure) were normal. When 
aged 10 years she began treatment with human 
growth hormone, and although she remained pre- 
pubertal, her growth rate accelerated from 2-9 to 6-4 
cm/year. At the age of 12 she was investigated 
because of headaches and growth arrest while on 
treatment with human growth hormone. Endocrine 
assessment revealed ACTH deficiency (plasma cor- 
tisol 130 nmol/l at 0800h), abnormal response to 
intravenous TRH (basal TSH 1-8 mU/, rising to 24 
mU at 20 minutes and 69 mU/I at 60 minutes), and 





Enhanced computed tomogram (EMI) images in 
horizontal section from case 3 at the level of the third 
ventricle. The image on the left was taken at age 9 years, that 
on the right at 12 years when an enhancing lesion in the 
region of the third ventricle (arrow) was imaged. 


Figure 
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hyperprolactinaemta (serum prolactin 1540 mU/I). 
Examination of her visual fields showed bitemporal 
hemianopia with a red target. Skull x ray was 
unchanged but a further computed tomogram 
(Figure) showed a tumour of the third ventricle. 
She was treated with radiotherapy without biopsy 
examination. 


Case 4. A girl of 7-2 years was referred with a 1-2 
year history of polydipsia, polyuria, and growth 
failure. Impaired secretion of growth hormone 
(peak 12 mU/I) was obtained in response to hypo- 
glycaemia, but no other anterior pituitary dysfunc- 
tion was shown. Fundoscopy, visual fields, and skull 
x ray film yielded normal results. She was treated 
with DDAVP. At 8-1 years her growth had deceler- 
ated to less than 2 cm/year. Repeat pituitary 
function tests showed that her endocrine state had 
altered. Her peak growth hormone response to 
hypoglycaemia was only 3-6 mU/I and in addition 
there was an inadequate plasma cortisol response 
(peak 210 nmol/l). Serum thyroxine concentration 
(48 nmol/l) was subnormal. A lateral skull x ray film 
showed no abnormality, but an air encephalogram 
showed a suprasellar mass, which was inoperable at 
surgery, and no biopsy examination was performed. 
Cranial irradiation was given postoperatively. At 
age 12-6 years a tumour recurrence was treated by 
insertion of a ventricular-atrial shunt and further 
cranial irradiation. Unfortunately, she developed 
spinal metastases and died at 13 years. 


Discussion 


All four patients had diabetes insipidus and subse- 
quently showed an anterior pituitary endocrino- 
pathy that evolved with time. The endocrinopathy 
may have been underestimated by the difficulty in 
diagnosing gonadotrophin deficiency in prepuberty. 
We emphasise the necessity to reassess anterior 
pituitary function with time. Growth response to 
treatment with human growth hormone may be 
unimpaired (cases 1 and 3) in the presence of an 
untreated intracranial tumour, although this re- 
sponse may be temporary (case 3). In one patient 
impairment of growth while on treatment with 
human growth hormone and the development of a 
visual field defect provided clues to the diagnosis, 
while in the other three children the diagnosis was 
made on follow up neuroradiology. One patient 
(case 2) was unusual in having neither growth failure 
nor growth hormone deficiency. 

Initial neuroradiology, which included computed 
tomography it) three patients, yielded normal re- 
sults. The subsequent imaging of an intracranial 
tumour was made on the basis of change in the 
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lateral skull x ray film in one patient or by changes in 
the tomputed tomogram or air encephalogram in 
the other three patients. Case 3 required five 
sequential computed tomograms and an air en-. 
cephalogram during a period of 5-5 years before the 
tumour was imaged. In two of our patients (cases 1 
and 3) the interval between the onset of symptoms 
and diagnosis was greater than four years,’ and in 
one this delay was 11-2 years. This delay occurred in 
spite of the recent technological advances in neuro- 
radiological imaging. 

These cases illustrate the importance of both 
endocrine and neuroradiological follow up in chil- 
‘dren with apparently isolated diabetes insipidus, 
particularly if the risk of permanent visual loss due 
to a tumour is to be avoided. While diabetes 
insipidus may be familial* or associated with other 
congenital abnormalities of the brain,” the more 
usual aetiologies are those of intracranial tumour or 
histiocytosis. The onset of diabetes insipidus in mid- 
chiidhood—especially if combined with growth 
failure—-should never be considered idiopathic. 
Such cases require careful follow up using high 
resolution computed tomography® and possibly 
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nuclear magnetic resonance imaging, if necessary 
into adult life. 


We are grateful to Dr D M Flynn, The ae Free Hospital, 
London, forghis help with case 3. 
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SUMMARY Longitudinal data on the height of pre- 
pubertal children with’ epilepsy are presented. 
Although both seizures and antiepileptic drugs may 
affect serum hormone concentrations, linear growth 
remains normal. 


Serum hormone concentrations can be affected by 
both seizures! and antiepileptic drugs.” Suboptimal 
adult height after somewhat early puberty has been 
reported in children who attended a residential 
school because of epilepsy. We report on the 
stature of children with chronic seizure disorders 
who live at home and attend local schools. 


Patients and methods 
The medical records of all children with epilepsy 


who attended the paediatric neurology clinic at our 
hospital between May and July 1985 were examined. 


The present data relate to 51 children (29 girls) who ` 


had been assessed when aged 2 to 11 years. Clinical 
details are given in the Table. Measurements for 
standing height, using a Harpenden Stadiometer, 
were available at six monthly intervals. Data from 
boys and girls were analysed separately. 

As calculation of mean trends in mixed longitu- 
dinal data, based on mean values at each age, gives 
inefficient estimates* the age at which the largest 


` numbers of children were measured was selected 


(8-0 years for girls and 9-5 years for boys) and the 
mean heights at this age calculated. Individual 
increments in height were calculated for each six 
months and the mean increment successively added 
to or subtracted from the mean height referred to 


previously.” This method obviates bias effects from 


single height measurements from unusually tall or 
short children. More boys and girls were older 
rather than younger than the reference age. Data 
were available at 11 years for 14 boys and 10 girls. 
The parental heights were ascertained in eight 
cases in whom seizures had been life long and 
measurements were available at 11 years. 


+e 


Table Clinical details of the subjects studied 


Boys Girls 
(n=22} - {n=29} 
Predominant seizure type 
Generalised tonic-clonic 5 5 
Myocionic syndrome 7 7 
Absence l 3 
Simple partial — 2 
Complex partial 12 
Antieplieptic drug treatment: 
None i — 
Barbiturates {including primidone) 7 2 
Phenytoin 6 9 
Carbamazepine 8 ` 15 
Valproate 8 12 
Etbosuximide 1 2 
Benzodiazepines 8 6 
Receiving two drugs 10 14 
Receiving three or more drugs 2 2 
Age at onset of setzures: 
Before 2 ycars 13 16 
Before 5 years 18 18 
Before 7 years 20 2 


Results 


Figures (a) and (b) show the mean standing heights 
plotted at six monthly intervals for boys and girls, 
respectively. The longitudinal curve for boys was 
between the 25th and 50th centiles for normal boys 
aged 2 to 11 years. For girls, the growth curve was 
between the 50th and 75th centiles. There is no 
evidence of an early onset of pubertal growth in 
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either sex. The eight children measured at 11 years 
whose seizures had started in infancy and for whom 
parental heights were available were growing in 
keeping with their familial expectations. Subgroups 
of children with a specific type of seizure, with a 
high seizure frequency, or receiving particular anti- 
epileptic drugs had growth curves similar to the total 
group. 


Discussion 


Early puberty and suboptimal height attainment has 
been noted in children with epilepsy in a residential 
school.’ It has been suggested that the epilepsy in 
these cases might be particularly severe as only 
0-5% of British children with epilepsy attend residen- 
tial schools. Many of the children in the present 
study were severely affected and were having 
frequent daily seizures, but they were living at home 
and attending day schools. Their growth pattern 
throughout childhood was within normal limits and 
puberty did not occur early. It is concluded that 
seizure frequency does not influence height attain- 
ment and that the suboptimal growth of children 
educated away from home may be related more to 
concurrent social problems than to epilepsy. 

A rise in serum prolactin concentration follows 
generalised tonic-clonic seizures.! Although the rise 
in growth hormone concentrations is less consistent, 
there is increased growth hormone responsiveness 
to stimulation with clonidine after seizures.! Despite 
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Figure Linear growth in (a) boys and (b) girls with epilepsy. The normal 10th, 50th, and 90th centiles from 


Tanner height standard charts are shown for comparison. 
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these reports, we found no evidence that the growth 
in children with frequent generalised tonic-clonic 
seizures was impaired relative to those who had 
infrequent partial seizures. 

Phenytoin, phenobarbitone, carbamazepine, and 
valproate increase the metabolism of sex hormones 
and enhance the synthesis of sex hormone binding 
globulin in the liver.* In boys the increase in sex 
hormone binding globulin leads to an increase in 
total testosterone concentration, but the concentra- 
tion of the free fraction remains unaltered.’ In adult 
women increases in serum growth hormone have 
been noted during treatment with carbamazepine 
and phenytoin, but the rise in growth hormone 
caused by insulin hypoglycaemia may be less than 
expected in adults on antiepileptic drugs. Compar- 
able data are not available for children. It has been 
postulated that short stature, which has been re- 
ported in adult men with epilepsy,” might be 
consequent on the use of phenytoin in childhood, 
but our evidence suggests that antiepileptic drugs do 
not have clinically important effects on height 
attainment up to puberty. 


The helpful advice from Professor MA Preece for the analysis of 
the growth data is gratefully acknowledged. 
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SUMMARY Critically ill infants with congenital dia- 
phragmatic hernia were treated by either early 
surgery or delayed surgery after preoperative stabi- 
lisation. The preoperative stabilisation was aimed at 
correcting acidosis and hypoxia, thereby reducing 
the severity of persistent fetal circulation. Survival 
improved from 12:5% after early surgery to 52-9% 
after delayed surgery. 


Infants with congenital diaphragmatic hernia often 
have severe acidosis and hypoxia at presentation. 
Immediate repair may lead to an improvement, but 
many infants deteriorate with increasing hypoxia, 
dying after a ‘honeymoon period’ of about 18 hours. 
This deterioration is usually due to persistent fetal 
circulation, which is a consequence of hypoxia, 
acidosis, and the innately abnormal pulmonary 
arterioles, which are more muscular and reduced in 
number.’* Recent reports have suggested that 
preoperative treatment aimed at correcting acidosis, 
hypoxia, and tissue hypoperfusion decreases the 


severity of [ persistent fetal circulation and improves 
survival.>> In 1983 we adopted this new manage- 
ment approach. This paper reports our results. 


Patients and methods 


From January 1981 to November 1985, 33 infants 
with congenital diaphragmatic hernia presenting 
within two hours of birth were treated in our 
department; their details are shown in Table 1. 

Before August 1983, 16 infants were treated with 
early surgery. Preoperatively most were ventilated 
only briefly while surgery was organised. Stomach 
aspiration was used to decompress the bowel. 
Metabolic acidosis was treated with sodium bicar- 
bonate. 

After August 1983, 17 infants were treated with 
delayed surgery after a period of preoperative 
stabilisation. Infants in respiratory failure were 
paralysed with tubocurare and ventilated using low 
pressures and high rates. Stomach aspiration was 
again performed. Arterial and venous catheters 
were inserted through the umbilical vessels. The 
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Table 1 Details of infants with congenital diaphragmatic 
hernia presenting within two hours of delivery 





Surgery 
Early Delayed 
{n= 16) (n= 17) 
Gestation (weeks): 
Mean (SD) 38-9 (2-4) 37-5 (2-6) 
Range 31-42 32-40 
Birth weight {g}: 
Mean (SD)* 3170 (630) 2690 (680) 
Range 1700-4146 1750-3670 
Femalk:mak 8:8 6:11 
Inborn:outborn 6:10 9:8 
Left:right hernia 15:1 13:4 
Mean (SD) Apgar score at one minute 4 {1-7} 3-9 (1-9) 
Congenital heart disease 2 
Prematurity i 5 
*p<0-05. 


partial pressure of oxygen in post-ductal blood was 
monitored using the arterial catheter (Searle) and in 
pre-ductal blood using a transcutaneous oxygen 
electrode. If hypoxia could not be corrected by 
ventilation tolazoline (1-2 mg/kg/h) was given. 
Circulatory failure was treated with plasma and 
dopamine (2-10 mcg/kg/min) and metabolic acidosis 
with sodium bicarbonate. The stabilisation pro- 
cedure lasted four to 16 hours and the infant 
proceeded to surgery when his condition was con- 
sidered optimum. 

At operation the diaphragm was usually sutured 
directly, but if the defect was too large a prosthetic 
graft was used. If the abdominal wound could not be 
closed a similar graft was inserted. An ipsilateral 
chest drain with an underwater seal was used 
without suction. 

Postoperatively, all infants received ventilation, 
dopamine, tolazoline, and sodium bicarbonate, as 
necessary. Central venous pressure monitoring in 
the group who received delayed surgery allowed for 
more accurate fluid management. In particular, 
plasma was used more liberally to replace losses 
from the wound. Paralysis was stopped when an 
improvement in ventilation was seen, which was 
usually after several days. 

Statistical analysis was by Student’s unpaired ¢ test 
and x’ analysis with Yates’s correction. 


Results 


Details of treatment and outcome are summarised in 
Table 2. The preoperative pH was significantly 
better in the group who received delayed surgery 
(p<0-001), and all infants with a preoperative 
pH<7-2 died. The prevalence of contralateral 
pneumothorax decreased from six after early 


surgery to one after delayed surgery; all seven 
infants died. Survival improved from 12-5% after 
early surgery to 52-9% after delayed surgery 
(p<0-05). Five infants had congenital heart disease 
and they all died. When these five infants were 
excluded survival rates were 14:3% after early 
surgery and 64-3% after delayed surgery (p<0-05). 
Ventilation from birth was required in 22 infants; all 
10 in the group who received early surgery died, 
whereas four of the 12 in the group who received 
delayed surgery survived, two of them despite being 
profoundly acidotic with a pH of 6-85 and 6-98 
shortly after birth. 


Discussion 


This study suggests that a period of treatment aimed 
at correcting acidosis, hypoxia, and hypoperfusion 
preoperatively is associated with improved. survival 
of critically ill infants with congenital diaphragmatic 
hernia. Ventilation was most effective and the 
prevalence of pneumothoraces lower if the infant 
was paralysed and a rate of roughly 60 breaths per 
minute used. The infants usually improved consider- 
ably after several hours of efficient ventilation, and 
some required no other preoperative treatment. 
Other infants had metabolic acidosis due to low 
cardiac output and tissue hypoperfusion. This could 
usually be corrected preoperatively by giving plasma 
and sodium bicarbonate, but it often recurred 


Table 2 Treatment and outcome in infants presenting 
with congenital diaphragmatic hernia within two hours 
of delivery ie 


Surgery 
Early Delayed 
(n= 16) (n=17) 
Preoperative treatment: 
Ventilation 14 17 
Dopamine 1 2 
Tolazoline 0 4 
Paralysis 0 11 
Ptesma 2 7 
Sodium bicarbonate 10 _ H 
Highest preoperative pHt: ~ 
Mean (SD)* 7-04 (0-21) 7-30 (0-11) 
Range 6-77~7-45 7-14-7-47 
Postoperative treatment: 
Ventilation 13 16 
(1 died during (1 died before 
operation) operation) 
Dopamine 10 10 
Tolazoline 10 12 
Paralysis 2 16 
Survivors: ** 2 9 
*p<0-001 By Student’s/ test. 
**p<0-05 By £ text with Yates's correction. 
tArterial pH. 
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during the operation. Infants with left sided dia- 
phragmatic hernia often have a mild degree of left 
ventricular hypoplasia. Their cardiac output is 
likely to be reduced, so it is not surprising that 
surgery is poorly tolerated. These infants could 
probably be helped by the use of dopamine started 
preoperatively, as used by Nair et al? 

There was a coincidental increase in the use of 
abdominal wall grafts in infants treated by delayed 
surgery. It was our impression that their use 
benefited a few infants by facilitating ventilation. 
From autopsy evidence, however, we consider that 
only one infant not so treated would have benefited 
from a graft. It is therefore very unlikely that the 
improved survival was the result of the increased use 
of grafts. 

We recommend that critically ill mfants with 
congenital diaphragmatic hernia who present shortly 
after birth are stabilised before operation. If with 
this treatment the acidosis persists, with a pH<7-20, 
it is very unlikely that surgery will help. 


We thank Miss M J Mayell for allowing us to study patients under 


Neonatal typhoid fever 


her care, Dr S J Bodden, who was instrumental in devising the new 
protocol, and Mrs F Prew for typing the manuscript. 
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SUMMARY Three infants of Pakistani immigrant 
mothers developed typhoid fever in the 
necnatal period. All three survived, but two became 
chronic excretors of Salmonella typhi. The 
risk of an outbreak of typhoid fever in a maternity 
unit or special care baby unit is emphasised. 


Typhoid fever is rare in neonates.!* The public 
hezlth problems it poses, however, are great. This 
report describes three neonates with typhoid fever 
born in two maternity hospitals in Birmingham over 
the past nine years. 


Case reports 


Case 1. After a normal birth and 24 hour discharge 
from Marston Green Hospital, Birmingham, a full 
term Pakistani girl presented at this hospital, very 
ill, shocked, and hypothermic at the age of 3 days. 
She had a 12 hour history of increasing lethargy and 
poor feeding. 


After admission, she had a cardiorespiratory 
arrest and subsequently needed assisted ventilation 
for 48 hours because of attacks of apnoea. She also 
had episodes of clonic seizures and hypoglycaemia. 
A chest radiograph showed bilateral patchy con- 
solidation. The blood culture grew Salmonella typhi 
phage type E, after incubation for three days. 
Results of lumbar puncture were normal. Repeated 
stool and urine cultures yielded negative results. 
Treatment with antibiotics was changed from ampi- 
cillin and gentamicin to trimethoprim when the 
results of the culture were known. Trimethoprim 
was given for two weeks, during which time she had 
neither fever nor diarrhoea. At 6 months the infant 
has microcephaly and neurodevelopmental delay. 
Multiple stool cultures from the mother and her 
family have remained negative for S. typhi. No cross 
infection occurred while the baby was nursed in the 
intensive care unit where a strict hand washing 
policy was operated, although the baby was not 
isolated. 


Case 2. After three days of intermittent fever a 
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Pakistani mother who had been in Pakistan three 
months earlier delivered a boy at 36 weeks’ gesta- 
tion at Marston Green Hospital. She had a postpar- 
tum fever (40-8°C) and rigor and was treated with 
intravenous ampicillin. S. typhi of phage type Ds 
was isolated from her blood, stools, and urine. Her 
stool cultures remained positive for four months. 

The infant was feverish immediately after birth 
and developed clinical and radiological signs of 
respiratory distress syndrome. He needed con- 
tinuous positive pressure ventilation for 48 hours. 
On the fifth day the mother and baby were 
transferred to the infectious diseases unit at this 
hospital. Ampicillin was given parenterally for one 
week and orally for another two weeks. Apart from 
jaundice, intermittent fever, and frequent watery 
green stools between the fifth and eighth day, the 
natural history was uneventful. S. typhi phage type 
D; was isolated only from the infant’s stools. No 
babies or staff of the special care baby unit were 
infected. The same organism was isolated, however, 
in stool specimens from the father and an aunt. At 
7 months the infant was still excreting the bacteria. 
Furthermore, two mothers who had babies at 
around the same time in the maternity hospital 
were believed to have acquired S. typhi from the 
index case. A total of six children from these two 
families had S. typhi phage type Ds isolated from 
their stools. Two of these children were admitted to 
hospital with clinical infection. 


Case 3. At 48 hours of age a Pakistani boy of 
36 weeks’ gestation who was born in Dudley Road 
Hospital, Birmingham, developed a temperature of 
37-5°C and had several blood stained mucousy 
stools. The father had been in Pakistan a month 
earlier. A stool culture grew S. typhi phage type E4. 
Blood and urine cultures yielded negative results. 
The mother was later found to be an asymptomatic 
excretor of S. typhi of the same phage type. The 
infant was isolated, Intravenous ampicillin was given 
for seven days followed by oral trimethoprim for 
another week. The infant was well apart from 
transient fever (37-5°C) and some loose stools. At 
4 weeks of age, however, he was still excreting 
S. typhi. His brother was also found to be an 
asymptomatic excretor. Stool cultures were not 
obtained from staff or patients. No cross infection 
was known to have occurred. 


Discussion 


Neonatal typhoid fever is usually acquired at birth: 
Vertical transmission of the infection is suggested in 
two of our infants by the concordant S. typhi phage 
type in mother and baby. The third infant (case 1) is 


Neonatal typhoid fever 1229 


also likely to have acquired the infection from the 
mother, „despite the lack of a positive maternal stool 
culture.° 

The clinical diagnosis may be more difficult to 
make than in adults. The classical ‘rose spots’ are 
not evident, especially in dark skinned infants.* The 
incubation period is shorter and is usually only 
about 48 hours, although it may be up to seven 
days.* Of eight neonates with enteric fever de- 
scribed by Duggan and Beyer, all had diarrhoea, but 
only one was febrile, while the others were afebrile 
or hypothermic.* The clinical features in our infants 
are in keeping with these descriptions. 

There is no ideal drug for the treatment of 
neonatal typhoid fever. Experience is limited to 
chloramphenicol and ampicillin.” The risk of aplas- 
tic anaemia and the emergence of chloramphenicol- 
resistant Í. typhi have led, however, to the search 
for alternative antibiotics. In children and adults 
co-trimoxazole or trimethoprim? when given par- 
enterally are of proven efficacy. Our infant with 
septicaemia responded to trimethoprim given intra- 
venously. Infants with mild S. typhi enteritis do not 
require treatment. The duration of diarrhoea or 
carrier state is not shortened by treatment with 
oral antibiotics. Two of our infants remained 
asymptomatic excretors despite treatment with oral 
antibiotics. 

Our report highlights the health hazards that 
undetected asymptomatic $. typhi excretor mothers 
can bring to any maternity and baby unit. Only in 
case 2 was the possible spread of infection pursued 
vigorously. All the nursing and medical staff and 
patients in the labour, postnatal, and special care 
baby unit had stool cultures performed. The organ- 
ism was isolated in two other mothers, who were 
discharged, and their families. It was fortuitous that 
a larger outbreak did not occur. As screening for 
excretion of S. typhi in pregnant mothers is not 
feasible we suggest that great care is taken when 
looking after infants with fever and diarrhoea, 
especially if their mothers are from developing 
countries. 


We thank Dr E E Hill and Dr J G Bissenden for allowing us to 
include their patients in this report and Dr C J Ellis for advice on 
management. 
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SUMMARY Severe osteoporosis with multiple ver- 
tebral fractures occurred in two girls receiving 
prolonged high dose corticosteroids for relapsing 
dermatomyositis. Sodium fluoride, supplemented 
with calcium and vitamin D, helped control second- 
ary osteoporosis in one case and should be con- 
sidered as part of the curative treatment of corticoid 
induced osteoporosis. 


Sodium fluoride is now used in idiopathic osteo- 
porosis of aging adults,'? as it should be able to 
increase bone mass. Prolonged high doses of treat- 
ment with corticosteroids may produce severe 
osteoporosis in children. The histomorphometric 
and histodynamic method? represents a quantitative 
approach to the evaluation of bone disease under 
treatment with fluoride. 


Case reports 


Case 1. A 10 year old, prepubertal girl was treated 
for dermatomyositis. From August 1980 to Decem- 
ber 1982 she received the following treatment and 
dosages: prednisone 0-6-2 mg/kg/day, with cal- 
cifediol 100 pg/day up to November 1981 and then 
alfacalcidol 0-5-1 ug/day up to December 1982, and 
also hydrochlorothiazide 75 mg/day. No height gain 
‘was observed from January 1981 to December 1982. 
At this time her height was 128 cm and dermatomy- 
ositis was stable, but treatment with corticosteroids 
induced a severe osteoporosis and multiple vertebral 
fractures (D6, D7, D10, D12, and L5). 
From December 1982 to April 1984 she received 
‘ prednisone 0-6—1-1 mg/kg/day on alternate days with 
alfacalcidol (0-5 pg/day), calcium carbonate (1-5 
g/day); and hydrochlorothiazide. Sodium fluoride 
was given at a dose of 1 mg/kg/day for 16 months. 


The height gain during this treatment was 10 cm and 
the girl remained impubertal. No other vertebral 
fractures occurred, and bone x ray profile has 
improved. 


Case 2. This 7 year old girl presented with der- 
matomyosistis in March 1981. She received an 
average dose of prednisone 1-4 mg/kg/day with 
alfacalcidol 0-25-0-75 g/day and  hydrochlor- 
othiazide 75 mg/day without calcium supplementa- 
tion because of hypercalciuria. In October 1982 her 
height was 123 cm and the presence of ‘multiple 
vertebral fractures (eight vertebras) revealed a 
severe osteoporosis associated with renal lithiasis. 
From June 1983 to May 1985 the dermatomyo- 
sitis relapsed and treatment included prednisone 
1-1 mg/kg/day in conjunction with sodium fluoride 
1 mg/kg/day, alfacalcidol 0-5 ug/day, and hydro- 
chlorothiazide 75 mg/day. During this time, the 
x ray profile of the spine improved and no other 
vertebral fractures occurred. At the end of the study 
the girl remained prepubertal and her height was 
135 cm. 


In both cases, after tetracycline double labelling, 
a bone biopsy specimen was taken before and after 
treatment with fluoride. The histomorphometric 
and histodynamic variables were compared (Table). 


Discussion 


In both children the natural history and bone 
radiology during extended treatment with corticos- 
teroids for dermatomyositis seemed typical of corti- 
costeroid induced osteoporosis. We could not study 
bone photon absorptiometry, but bone biopsy speci- 
mens were contributive: appreciable decrease of 
trabecular bone volume with decrease of the calci- 
fication rates and increased trabecular resorption 


4 


m“ 
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Table Histomorphometric variables in bone biopsy specimens taken from the two cases 


(%) (%) 


Trabecular Resorption 
bone volume Surfaces 
Case 1 Before 
treatment 9-8 63 
During 
treatment 10-0 15-3 
Case 2 Before 
treatment 8-9 7-3 
During 
treatment 11-5 6&8 
Controls 
(mean (SD)) 22-9(4-5) 3-6(1-1) 


Osteoid Osteoid Thickness Calcification 
volume surfaces index of the rate 
(%) (%) asteroid seams (w/day) 
76 34-6 219 0-84 
10-5 48-2 217 1-76 
LS 10-1 14-8 0-45 
1-7 15-3 11-0 0-35 
2-1(1-4) 11(6-8) 19-3(3-6) 1-31(0-33) 


Trabecular bone volume=percentage of trabecular bone tissue in total spongy space. 


Resorption surfaces=percentage of total trabecular resorption surface arta. 


Osteoid volume=trabecular osteoid volume expressed as a percentage of total bone volume. 

Osteoid surfaces=percentage of trabecular surface area covered with osteoid. 

Thickness Index of the osteoid seams=ratio of osteoid volume to osteoid surface area multiplied by factor of 100. 
Calcification rate=cakculated by double labelling of the calcification front with tetracycline. 


surfaces are characteristic of adult corticosteroid 
induced osteoporosis.” Some criteria of diminished 
bone apposition (decrease in the thickness of the 
osteoid seams and increased osteoid surfaces), 
however, were seldom observed. Few data are 
available on corticosteroid induced osteoporosis in 
children, but it does not seem to be different from 
the ‘adult disease.* ° 

. Curative treatment is still widely unknown. In a 
previous unpublished study we have shown that the 
use of calcium supplementation with alfacalcidol 
improved the calcium absorption in some cases but 
did not allow us to restore a sufficiént bone mass or 
prevent new vertebral fractures. (Rejou F, Dumas 
R, Belon C, Meunier P J, Edouard C, Jean R. Bone 
histomorphometric studies compared with calcium 
absorption in juvenile corticoid-induced osteopor- 
osis. Presented at European Society for Pediatric 
Research Annual Meeting, Cambridge, England, 
16-20 September 1984.) Sodium fluoride is now an 
integral part of the treatment of idiopathic adult 
osteoporosis’ and has been used in conjunction with 
calcium and vitamin D in corticosteroid induced 
osteoporosis.” In adults treatment with fluoride 
provides vertebral pain relief and irregular radio- 


` graphic improvement. Histomorphometric studies 


reveal increases of trabecular bone volume, 
osteoid surfaces, and thickness index of the osteoid 
seams in most cases. The calcification rate has 
showed little modification when moderate doses of 
fluoride with calcium have been used in adult 
patients. The risks of treatment with fluoride are 
osteomalacia,” after a long course of treatment, 
joint pains, and digestive troubles. We did not 
observe such side effects in these two cases, but the 
treatment did not exceed two years. Clinical 


improvement and the absence of new. vertebral 
fractures were observed,. in spite of relapsing der- 
matomyositis in one case. Histomorphometric data 
after a year of treatment with fluoride showed 
inconsistent improvement: trabecular bone volume 
was unchanged and the calcification rate increased 
in one case. There is no evidence, however, that 
fluoride induced bone changes reflect an increase in 
mechanical strength. 

We believe that treatment with fluoride together 
with calcium and alfacalcidol must be reserved for 
children presenting with severe corticosteroid in- 
duced osteoporosis. A bone biopsy examination 
with histomorphometric study seems useful in this 
situation. Further studies are needed to confirm 
these preliminary results. 
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Infantile colic and feeding 


M-R STAHLBERG AND E SAVILAHTI 


Department of Paediatrics, Turku University Hospital, and Children’s Hospital, University of Helsinki, 


Finland 


SUMMARY In a double blind crossover study 10 
children with infantile colic were fed breast milk and 
cows milik formula, untreated and treated with 
lactase. Colic was present on 71% of breast milk and 
89% of cow’s milk days. Daily duration and severity 
of colic did not differ for milk preparations. 


Infantile colic, excessive and unexplained crying by 
healthy infants, commonly in the evenings, has been 
fourd to associate with cow’s milk given as a 
formula! or used by the lactating mother.” In other 
studies no such associations have been detected? 4 
nor did infantile colic seem to be a symptom of 
lactose malabsorption.” To explore the connection 
between infantile colic and feeding we conducted a 
double blind crossover study using four milk prep- 
arations. 


Patients and methods 


Subjects. Ten weaned children, with a mean (SD) 
age of 11-9 (8-4) weeks, were referred to us by 
health nurses from well baby clinics because of 
infantile colic, which had continued since a mean 
(SD) age of 4-2 (7-0) weeks. On physical examina- 
tion all children seemed healthy. Their mean (SD) 
weight gain since birth had been 216 (82) g per 
week. One child had asymptomatic bacteriuria with- 
out urinary tract anomalies. Urinary cultures of the 
other children yielded normal results. No 
pathogenic bacteria, rotavirus, or adenovirus anti- 
gens were found in faecal samples. 


Milks. Four milk preparations were used in random 
order. These were (1) pooled breast milk; (2) 
pooled breast milk treated with Maxilact LX 5000 
(Gist-Biocade, Delft, The Netherlands), hydrolys- 
ing enzymatically over 90% of lactose contents; (3) 
commercial adapted liquid cow’s milk formula 
(Tutteli, Valio Ltd, Finland); and (4) the same cow’s 
milk formula treated with Maxilact LX 5000 as 
above. Milks 2-4 were prepared, packed in coded 
cans, and delivered frozen by Valio Ltd. Untreated 
breast milk was frozen in similar coded cans. The 
aim was to feed each child for one week with each of 
the tour milks. Frozen milk was given for one week’s 


estimated need at a time. No other milk products 
were given to the babies during the study. 


Recordings. The parents recorded daily the time, 
duration, and severity of attacks of colic. Once a 
week the children visited the clinic where they were 
examined, recordings from the previous week were 
returned, and milk for the next week was delivered. 


Statistical methods. We used two way analysis of 
variance and Student’s ¢ test for analysis of data. 


Results 


Three children on cow’s milk formula treated with 
lactase, one on breast milk treated with lactase, and 
one on breast milk had colic that was so severe that 
it was impossible to continue feeding for the planned 
time. None of the four milks differed significantly 
from the others in the percentage of days with colic 
(Table 1). Combining the milks into lactose contain- 
ing and lactase treated groups showed no difference 
(p>0-05). Children had colic more often on cow’s 
milk formulas (regardless of lactose) than on breast 
milk (p<0-05). 


Table 1 Days with colic/days on different milks in 
10 patients with infantile colic. Roman numerals refer to the 
order of administration (I=first, lI=second, etc) 


Case Milk feed 
No 
Breast milk Breast milk Formula Formula 
treated with treated with 
lactase lactase 
1 5/6 l G7 1 77 IV V7 m 
2 X7 II 1⁄3 IV 67 U 5/6 I 
3 S6 I V7 IE w9 IV S/S OF 
4 G6 I 67 0 77 iv 33 I 
5 4/5 II 5 I 4/5 IV 5 mMm 
6 YT IV 2/7 OH G71 67 0 
7 WT Ti 77 I WT IV 33 I 
8 AT I U7 IV 4/7 IT VII. 
9 67 I WU 77 8 WT IV 
10 _ IV 4/5 I 67 I 374 M 
Total 44/61 42/62 NTO 45/53 
Mean % 74-7 67-1 89-4 88-3 


Two way analysis of variance: F2-958, df=W27, p> 0-05. 
Student's / text: cow's milk formulas y breast milks, p<0-05; lactose containing 
milks y lactase treated milks, p> 0-05. 


Table 2 Duration and severity of colic: total hours with 
colic/No of symptomatic days (difficult colic in 
parentheses). The longest duration of each child is in bold 





No 
Breast milk Breast milk Formula Formula 
treated with treated with 
lactase lactase 
1 0-6 (0-2) 3-4 (3-2) 5-2 (1-6) 1-2 (1-0) , 
2 0-6 (0) 1-5 (0) 1-5 (0) 2-8 (1-6) 
3 0:5 (0-5) 0-1 (0) “0-9 (0-7) 3-8 (3-8) 
4 8-1 (7-3) 43 (2-5) 6&9 (3-3) 17-6 (17:0) 
5 §2 (1-6) 46 (1-0) 0-8 (0-8) 4-3 (3-5) 
6 0-2 (0-2) 0-2 (0-2) 0-1 (6-1) @-4 (0-3) 
7 1-5 (1-5) 1-1 (1-0) 1-0 (0-6) 2-2 (2:2) 
8 0-7 (0-6) 2-0 (2-0) 2-9 (2-9) 1-8 (0) 
9 2-8 (0-8) 1-5 (0-4) 1-9 (0-6) 1-2 (0-4) 
'10 5-5 (5-5) 2:7 (2-2) 1-2 (0-9) 3-5 (3-3) 
Two way analysis of variance: F for overal) colic=1-8, df= ¥V27, p>0-05: F for 


difficult colic=1-9, df=3/27, p> 0-05. 
Student's 7 test: cow's milk formulas y breast milks, p> 0-05; lactose containing 
v lactase treated milks, p> 0-05. 


There were no differences between the milks in 
daily duration of colic (Table 2). Not even regroup- 
ing cow’s milk formulas versus breast milks or 
lactose containing versus lactase treated milks 
showed any differences. Severity of attacks was also 
unaffected. In five children the total duration of 
colic and in six children the duration of difficult colic 


was, however, longest on cow’s milk treated with - 


lactase. 
Discussion 
The aetiology of infantile colic may be multiple, 


different causes operating in different children and 
perhaps one child’s colic even being a result of 
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several factors. To minimise the effects of confound- 
ing factors we conducted this investigation as a 
crossover study. 

Colic was present on 89% of the days on cow’s 
milk feeding and on 71% of the days on breast milk 
feeding. This difference was significant (p<0-05), 
but 71% is still high: colic is not cured by breast 
milik. No differences were found regarding severity 
of colic on those days when the disease was 
observed. Healthy infants may have ‘physiologic 
lactase deficiency during several weeks,®° but infan- 
tile colic is not a symptom of lactose malabsorption. 
Other factors than milk -must be crucial. 


We are grateful to Valio Ltd for donation of-formulas and 
treatment of milks with lactase. 
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Somatomedin C deficiency in Asian sisters 
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SUMMARY ‘Two sisters of Asian origin showed 
typical clinical and biochemical features of primary 
somatomedin C (SM-C) deficiency (Laron dwarf- 
ism). Abnormalities of SM-C binding proteins were 
observed, one sister lacking the high molecular 
weight (150 Kd) protein. 


Tat cused 


In 1966 Laron et al first described a form of familial 


dwarfism characterised by the clinical features of 
severe growth hormone (hGH) deficiency and high 
concentrations of plasma immunoreactive hGH.' 

Low plasma somatomedin activities before and 
during treatment with hGH indicate that the pri; 
mary defect is in the production of somatomedin.* 

Most reported cases of this autosomal recessive 
disorder are in oriental Jews,’ although a few 
patients of European origin have been described. 
We report two Asian sisters with Laron dwarfism 
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and describe abnormalties of somatomedin C (SM- 
C) binding proteins in their sera. 


Patients 


Case H. This girl was born at term, weighing 2950 g, 
with a length of 45-0 cm (—2-5 standard deviation 
score (SDS)), to apparently non-corsanguinous 
parents from Pakistan. The heights of both parents 
and three older male siblings were between the 25th 
and 50th centiles. She was ‘jittery’ shortly after 
birth, but hypoglycaemia was not confirmed. She 
grew poorly and at 2 years 3 months was referred to 
a paediatric endocrine unit. On examination her 
height was 67-5 cm (—5-6 SDS), weight 7-46 ke 
(-3-9 SDS), and triceps and subscapular skinfolds 
>97 centiles and she had typical somatic features 
of hyposomatotropism (Figure). 

A full blood count, karyotype, tests of renal, 
hepatic, and thyroid function yielded normal results. 
Her bone age was 10 months. Serum prolactin 
concentrations rose from 112 mU/A to 1530 mU/I 
after intravenous thyrotrophin releasireg hormone 





Case 1 (left) and case 2 (right). 





stimulation. Serum hGH concentrations ranged 
from 65 to 150 mU/ (mean 108 mU/) during a 12 
point 24 hour profile and from 54 to 100 mU/I (mean 
80 mU/I) in an arginine provocation test. Serum 
insulin concentrations were <4 mU/I during arginine 
provocation. 

Before treatment with hGH. serum SM-C was 
0-46 U/ml, serum somatomedin activity 0-32 to 0-45 
U/ml during a 24 hour profile, and 24 hour urinary 
hydroxyproline/creatinine ratio 55; normal ranges 
at this age are 0-47-1-44 U/ml, 0-4-0-7 U/ml. and 
45-204, respectively. 

Serum binding of ['~I]Sm-C showed an absence 
of the specific 150 Kd binding protein and the 
presence of binding to proteins ranging from 20 Kd 
to 100 Kd. the greatest binding being of 40 Kd to 60 
Kd. 

After two weeks of treatment with hGH (4 IU 
intramuscularly three times a week) there was no 
increase in serum SM-C (0-2 U/ml). serum soma- 
tomedin activity (0-33 U/ml), and 24 hour urinary 
hydroxyproline/creatinine ratio (57). Despite a 
small increase in height velocity of 1 cm/year in the 
first month, this was not sustained over an eight 
month period. 


Case 2. The sister of case 1 was born at 37 weeks’ 
gestation with a weight of 3200 g, but her length was 
not documented, She had asymptomatic hypogly- 
caemia and early feeding difficulties. At 1 year her 
height was 61-4 cm (—5-1 SDS), weight 6-1 kg (—3-8 
SDS), and triceps and subscapular skinfolds >97th 
centiles and she had typical features of hyposoma- 
totropism. 

Her karyotype and thyroid function were normal. 
Serum prolactin concentrations rose from 346 to 
1400 mUA after intravenous thyrotrophin releasing 
hormone. Serum hGH concentrations ranged from 
45 to 135 mU/ (mean 91 mU/1) during a 12 point 24 
hour profile and from 35 to 120 mU/] (mean 64 
mU/l) during an arginine provocation test. Serum 
insulin concentrations were <4 mU/I during arginine 
provocation. Basal serum SM-C concentrations 
ranged from 0-12 to 0-23 U/ml (mean 0-18 U/ml) 
and basal serum somatomedin activity from 0 to 0-37 
UA (mean 0-16 UA). 

Serum binding of ['I]SM-C showed the presence 
of the specific 150 Kd binding protein and small 
amounts of binding activity at higher and lower 
molecular weights, especially in the 40-60 Kd 
region. 


Methods 


hGH was measured by double antibody radioimmu- 
noassay and somatomedin biological activity by 


None 


~ ik ~ 


the porcine costal cartilage bioassay. SM-C was 
measured by radioimmunoassay as previously 
described* after the removal of somatomedin 
binding proteins by extraction with acid-ethanol. 
The somatomedin binding proteins themselves were 
detected by their competition with activated 
charcoal for [I|SM-C, as previously described,‘ 
after the fractionation of serum on Sephadex G200 
eluted with 0-05M phosphate buffer. 


Discussion 


The clinical and biochemical features of these two 
sisters strongly support the diagnosis of primary 
somatomedin deficiency, which was confirmed by 
failure of response to treatment with hGH in the 
older child. hGH injections did not produce soma- 
tomedin generation, although the small increase in 
height velocity, which has also been reported in 
other cases,! ? led us to continue the therapeutic 
trial for eight months. It was not considered 
appropriate to offer treatment to the younger sister. 

Circulating SM-C (insulin like growth factor 1), 
with its binding proteins, may predominantly reflect 
paracrine activity in growing tissues, have a true 
endocrine role, or represent the sum of paracrine 
and endocrine activity. SM-C is known to be hGH 
dependent in normal individuals, however, and is 
characteristically deficient in Laron dwarfism, de- 
spite high concentrations of endogenous hGH or 
treatment with exogenous hGH. SM-C does not 
exist in a free form in the plasma but is bound to 
proteins of various molecular weights, including a 
specific large molecular weight carrier protein (150 
Kd) that is itself hGH dependent and may be a 
hexamer of subunits of 24 Kd.” An additional 40 Kd 
binding species is present in various body fluids but 
is not dependent on growth hormone. The 150 Kd 
protein was absent in the older sister but present in 
the younger. It has been suggested that Laron 
dwarfism is due to defective hGh receptors;° thus 
heterogeneity of production of the hGH dependent 
150 Kd protein is puzzling and may reflect quantita- 
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tive differences of receptor number. This warrants 
further study. 

The occurrence of Laron dwarfism in an Asian 
family should alert clinicians to consider the possi- 
bility in other Asian children with extreme short 
stature, relative adiposity, and high circulating hGH 
concentrations. Other features may include short- 
ness at birth, neonatal hypoglycaemia, and a charac- 
teristic and appealing ‘babyish’ face with small 
central facial structures, relatively large calvarium, 
and occasionally a ‘surprised appearance’ due to 
slight proptosis. Hypogenitalism is noticeable in 
boys with this disorder. The condition is rare and is 
more likely to occur in a popylation with a high 
degree of consanguinity. It is hoped that in the 
future a trial of SM-C treatment may be of benefit. 


We thank Mrs Sheena Wallace (technical help}, Mrs K Cordwell, 
and the Salford Department of Medical Mustration. 

USTISM-C and SM-C antibody (AS6) were kindly provided by 
Drs J J Van Wyk and L E Underwood, University of North 
Carolina, through the National Institute of Arthritis, Diabetes, and 
Digestive and Kidney Diseases. 
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Personal practice 


Neonatal opiate withdrawal 
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The Problem 


With increasing maternal drug abuse, the paediatri- 
cian must be ever alert to the possibility that 
symptoms observed in a young baby might be the 
consequence of drug withdrawal. The absence of a 
positive maternal drug history in no way negates this 
diagnostic possibility. Although opiate withrawal is 
the subject of this paper, combinations of drugs are 
commonly involved and there may sometimes be 
little certainty concerning the identity of the prin- 
cipal agent causing a given baby’s withdrawal. 
symptoms. 


Mechanism of opiate withdrawal 


Excitation: of: noradrenergic -cells in the locus 
coeruleus of mammals elicits many of the features of 
Opiate withdrawal. Morphine and clonidine, an 
alpha, adrenergic agonist, are inhibitory and block 
both electrical and pharmacological activation of 
these- cells in primates and rats.! + Chronic exposure 
to morphine in rats results in the development of an 
increase in number of brain stem alpha- adrenergic 
binding sites,’ and it is postulated that the phe- 
nomena associated with opiate withdrawal are 
the consequence of the development of alpha, 
adrenergic supersensitivity;. this can be suppressed 
by clonidine. 


Signs of withdrawal 


Behavioural and physical modalities reflecting cen- 
tral and autonomic nervous system dysfunctioning 
are involved. Features of neonatal abstinence in- 
clude restlessness and agitation with rub marks, a 
high pitched cry, sleeplessness, tremulousness, 
hypertonia; hyperactive stretch and Moro’s reflexes, 
frantic sucking, scratching, impaired feeding with 
poorly organised sucking, vomiting, diarrhoea, 
abnormal weight loss and failure to gain weight, 
yawning, sneezing, nasal snuffles, sweating, temper- 


ature instability, tachycardia, hypertension, tachyp- 
noea, opisthotonic posturing, and convulsions. 

Some of these signs are observed in many 
neonatal conditions. Drug withdrawal must be 
considered, however, as a possible cause when 
several occur concurrently and in increasing num- 
bers. 


Timing of onset of withdrawal 


If the fetus has been exposed to several drugs up to 
the time of birth the onset of symptoms may be 
variably delayed beyond the usual first three days. 
Although methadone has been implicated in the late 
onset of the signs of withdrawal, when appropriately 
monitored, all reported cases have manifested some 


` signs -within the first two weeks; with polydrug 


exposure a biphasic pattern of withdrawal has been 
described.? Administration of naloxone at birth is 
contraindicated as it may precipitate acute with- 
drawal, which could be fatal. 


Diagnosis 


This must be by exclusion of other possible disorders 
and by obtaining a positive history of maternal 
ingestion. Alternatively, drug or metabolite may be 
found in maternal blood or urine or in neonatal 
urine or meconium.” 


Principles of treatment 


Awareness of the drug abuse may have come 
antenatally from a mother’s own admission or from 
clinical or social evidence. Prospective monitoring 
of the infant on a special care baby unit will then be 
possible. The objectives of treatment are the sup- 
pression of signs, the avoidance of excessive seda- 
tion and of excessive wakefulness, and the provision 
of sufficient nutrients. It has been suggested that in 
30-50% of infants symptoms of withdrawal can be 
managed conservatively with swaddling, frequent 


1236 


small hypercaloric feeds, and intravenous fluids 
when necessary. Prediction of immediate outcome 
is improved by pharmacological intervention, 
although assessment of the progression of with- 
drawal severity is useful as a guide both in the timing 
of the introduction of treatment with drugs and in 
evaluating the response. A scoring system of with- 
drawal signs, although subjective and dependent on 
observer experience and bias, is one approach to 
meet these objectives (Figure). 

Many factors, including sources of health funding 
and the availability of post-discharge support facili- 
ties, may affect treatment policies as pharmacologi- 
cal intervention usually results in a longer period of 
admission to hospital; this is particularly so where it 
is policy not to discharge a baby while still receiving 
treatment with drugs. 


Pharmacological intervention 
The most commonly used agents include paregoric, 


tincture of opium, diazepam, phenobarbitone, and 
chlorpromazine; these have been reviewed by the 
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American committee on drugs.® Although opiates, 
diazepam, and phenobarbitone are widely used in 
the United States, chlorpromazine has tended to be 
the preferred treatment in the United Kingdom. 
Diazepam and phenobarbitone are more likely to 
produce undesirable sedation and they do not 
control the gastrointestinal or nasal features of 
withdrawal. The snuffly nose and sneezing are also 
little affected by chlorpromazine. Clonidine has 
been used successfully in treating adult withdrawal’ 
and has been used in neonatal abstinence,’ although, 
as yet, there is little published experience of its use. 
Complications of phenothiazine usagé have been 
notably absent, although rarely seizures can occur, 
and at a time when other symptoms of withdrawal 
are under control. It remains to be established 
whether chlorpromazine itself, or withdrawal from 
some other drug—for example, a barbiturate—is the 
cause of seizures in these babies. 


Associated infections 
The hepatitis B e antigen state and human im- 
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munodeficiency virus (HIV) antibody state of the 
mother should be known before labour, but where 
the results have been negative in pregnancy, or 
when they are not known, rapid evaluation is 
needed on admission of the mother for delivery. 
This knowledge not only enables precautions to be 
taken to protect staff and other contacts but enables 
hepatitis protection to be given to the neonate in the 
form of specific hyperimmune globulin and active 
hepatitis B immunisation. Before HIV screening, 
counselling of the pregnant mother by a trained 
counsellor about the implications of a positive result 
is considered essential. 


Breast feeding 


Although breast feeding has often been discouraged 
because of the concern of drug ingestion by the 
infant, we could only find trace amounts of drug in 
the milk of a group of mothers taking methadone 
and heroin. In our experience it would be excep- 
tional for large dose intravenous drug abusers to be 
successful at breast feeding and so we do not 
dissuade mothers from feeding their infants, 
although HIV antibody positivity would be a con- 
traindication. Perhaps the greatest danger of drug 
exposure from breast feeding is in the situation of 
the mother.who is an occasional intravenous abuser, 
because high.drug concentrations in the blood may 
sedate her and make her less responsive to and 
appreciative of her baby’s needs-as well as being 
reflected in a higher concentration of drug in her 
breast milk. 


Legal provisions for the child at risk 


As yet it is not possible to seek protection for a fetus 
from the juvenile court or by taking wardship 
proceedings on the basis of the assertion that the 
fetus is being damaged by the mother’s drug abuse. 
Postnatally, both options have their shortcomings in 
providing for these children and their families, and 
the proposed reforms set out in the Review of Child 
Care Law 1985,’ if adopted, may provide for a more 
flexible approach to their needs. The difficulties 
arising from the current alternatives have been 
discussed by Williams. ° 


Supervision 


Many of the problems of long term family supervi- 

sion considered recently in connection with children 

subject to non-accidental injury’! are equally applic- 

able to children raised in drug abusing families, and 

in spite of &pparent cooperation with the author- 

ities, many-addicts fail to achieve, or do not desire, a 
-r i í 


i 
-A 
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change in lifestyle, and family supervision cannot be 
relaxed. 

Our own follow up data on families with batiés 
born between 1968 and 1983 show that of 85 babies 
leaving hospital and traced only 25% were living 
with both parents, 20% were with their mother, and 
12% were with their father. A further 36% were 
with other relatives, had been adopted or fostered, 
or were in other placements. Six parents and four 
children had-died. (Williams M J H, Cavanagh S. 
Personal communication.) 


Outcome 


Differences between control and drug exposed 


groups of children have been documented by many 
investigators and have been the subject of a recent 
review.” Strauss ef al found them to be more 
tremulous at a month; Marcus et al have shown . 
patterns of behaviour characteristic of acute phase 
opiate withdrawal at a similar age.’ * There are 
considerable difficulties, however, in selecting any 
comparison ‘control’ groups. Rosen et al found that 
in a group of methadone exposed children examined 
at 18 months of age, more had head circumference 
measurements below the 3rd centile, developmental 
delays, abnormalities of tone, and poor fine motor 
coordination.’ Significantly lower scores on Bayley 
mental and motor developmental indices were 
noted. 

Although there are minor differences heteen 
studies, the overall impression is that these children 
perform less well, are more active, and display 
poorer attention then their peers. There are few 
follow up data on older drug exposed children; such . 
as they are, they point to persisting disadvan- 
tage, with behavioural and developmental skill 
differences. !? 


A proposal for -management 


After an antenatal case conference where informa- 
tion is exchanged, a strategy for the health care of 
the family during the perinatal period is formulated 
and the principal family support individuals are 
identified so that contact, if not previously existing, 
can be made with the family. The baby, once born, 
would be monitored for withdrawal symptoms on a 
special care baby unit for two weeks. If treatment 
with drugs is necessary to control withdrawal chlor- 
promazine is begun with a loading dose of 3 mg/kg 
body weight followed by a total daily maintenance 
schedule of 3 mg/kg given orally, divided into four 
or six doses; this dose is increased daily by 3 mg/kg if 
withdrawal is becoming increasingly severe until 
control is achieved. 


Occasionally, as much as 15 mg/kg each day is 
required. Once the baby’s condition is stable, 
reduction in chlorpromazine dosage by 2 mg/kg is 
attempted every third day; monitoring of the degree 
of withdrawal symptomatology is continued. Exces- 
sive weight gain with high feed intakes is often 
Observed in association with control of symptoms 
being achieved, whereas slowing or stopping of 
weight gain due to the rise in metabolic rate occurs if 
uncontrolled opiate withdrawal re-emerges. After 
stopping treatment with chlorpromazine a further 
case conference is held where the need for obtaining 
legal protection for the child is further considered 
and a plan made for follow up visits after discharge 
by social workers and health visitors. Before dis- 
charge, the baby and mother are cared for together 
on a transitional care or postnatal ward for a 
‘rooming in’ period of three or more days. A review 
case conference is held at three months after the first 
hospital outpatient follow up visit, when decisions 
are made on the level of involvement deemed 
necessary and the frequency of subsequent confer- 
ences. At any stage, procedures may be set in 
motion to seek a care order on the child or to obtain 
wardship. The lifestyle of many of these families 
makes continued tracing and contact a major 
collaborative undertaking. 
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Tracheostomy—a parent’s view 


When we were first told that Michelle was going to 
have a tracheostomy performed I cried in the car on 
the way home from the hospital. As a staff nurse, I 
remembered the stigma that a tracheostomy held 
and how we used to dislike nursing one. How we 
were going to cope with a young baby with spina 
bifida and a tracheostomy [ could not imagine. All 
my husband and I did know was that we loved our 
daughter very much. 


At first when she came home, we were very 
apprehensive that the tracheostomy tube would 
block with secretions, as they had blocked twice 
betore when she was in hospital. For the first few 
days and nights I hung wet towels around her cot 
and kettles steamed constantly (the house began to 
look like a combination of a Chinese laundry and a 
Turkish sauna!), 

Within a couple of days, I realisec that these 
drastic measures were not necessary as the atmos- 
phere at home was more humid than in hospital. 
Only when the weather was very dry and Michelle’s 
secretions became very thick was it necessary to 
humidify the air slightly. 


Michelle was a very difficult feeder, despite en- 
larging the holes of the teat, and winding frequently 
she would often cough and bring up the whole feed. 
At one stage she was so bad it was necessary to feed 
her with a bowl in front of me to catch the vomit 
when she coughed. (It helped that whenever poss- 
ible my husband would feed Michelle for me; this 
helped us to relieve a lot of the tension.) Michelle 
was also very slow starting her solid diet. She 
seemed to show difficulty in the actual swallowing 
mechanism and would often ‘gag’. But at I year she 
was taking her solids well and at long last was 
keeping her feeds down when she coughed. 

When she began to use a cup for drinking we had 
to take great care that her ‘dribbles’ did not trickle 
down into her colostomy, making her cough. When 
she began feeding herself it became a fight to get to 
her tracheostomy without grabbing the suction 
catheter and getting food all over it. With practice 
one became the ‘fastest aspirator in the west’. 

When Michelle first came home, she required 
suction a lot and was a full time occupation. (As we 
only aspirated the top of the tracheostomy tube and 
did not enter her lungs we used a larger suction 
catheter (8 gauge instead of 6) with a low pressure of 


200 mmHg we were able to aspirate mucous and 
keep the tracheostomy tube hole patent). In hospital 
tracheostomy aspiration is a sterile technique in 
which gloves are worn and the catheter discarded 
after use. At home it became a clean technique only 
but it did not seem to matter. 

Michelle was with us every minute of the day; she 
would sleep downstairs with us until it was time to 
go to bed and would be carried to her cot by our bed 
when we retired for the night. 

The first few nights Michelle was at home we 
hardly slept but very quickly learned to adapt to 
sleeping lighter than usual so that we could hear if 
Michelle required suction. While asleep, she did not 
require suction as her respirations were lighter, but 
waking she would make a little ‘rattling’ noise from 
her tracheostomy, which meant she needed suction. 
If you pretended to be asleep she found out that 
playing with the beads on her cot attracted our 
attention. Michelle accepted her tracheostomy as 
being part of herself and would make attempts to 
aspirate herself. frequently asking for suction if she 
felt she needed it. Michelle would often explore her 
tracheostomy with her fingers: although it made us 
anxious at times, we never discouraged her as we 
felt it was pertectly natural for her to be curious. 


The suction machine became a very important 
part of our lives, and visiting became a massive task, 
with the transport of catheters and ‘baby things’. 
The suction machine was usually cleaned out once a 
week when Michelle was asleep. When the tracheos- 
tomy eventually closed it was only when I gave the 
machine back to the local authority that I felt that 
Michelle would no longer need to have a tracheos- 
tomy (the feeling is hard to explain). We were 
provided with a portable suction machine as well as 
an electric one. This was a godsend as it meant we 
were able to go out with Michelle and we were no 
longer prisoners in our own home. Michelle loved 
going around the shops, especially the supermarket. 
At first it was a little embarrassing as people were 
naturally curious about what we were doing when 
we went to aspirate her. From the very start we 
forced ourselves not to retreat into a dark corner as 
if we were doing something terrible. With time we 
learnt to come to terms with people’s curiosity and 
found people could be very kind, though it took 
courage and determination to have a meal in a 
crowded restaurant. Children surprisingly accepted 
Michelle's tracheostomy more easily than adults. 
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When 8 months, we went on holiday to Cornwall 
in a caravan for a week, with just the portable 
suction machine. It was hard work pedalling the 
suction machine, but having a holiday was 
tremendous and we all enjoyed the break. 

When we went away on holiday, strangers would 
remark on what a good baby we had as they had 
never heard her cry at all during the night. I worried 
that she would become frustrated not being able to 
tell us what she wanted or needed. She was further 
hindered by being a spina bifida child and therefore 
less mobile. Michelle became very clever, however, 
at using body and facial language to relay her 
needs—for example, pointing with her finger, rub- 
bing her eyes to say she was tired, or moving the 
back of her hand over the tube, meaning she wanted 
suction. This is where Michelle first gained from 
being at home as we learnt to understand her 
language and interpret her needs. 


Bathtime was a joy for Michelle, and the water 
held no fear for her. We used to lie her on her back 
in the water (keeping her tracheostomy above water 
level!). Any water that trickled down or was 
splashed down into her tube she was able to 
expectorate easily, before it went far into her lungs. 


We soon got in to the routine with the everyday 
care of the tracheostomy. Around the tube the skin 
would be cleaned twice a day with cooled boiled 
water and cotton wool. I never used sodium 
bicarbonate solution as I found it too irritating for 
Michelle’s skin. For a barrier cream we found a 
combination of Drapolene then Sudocrem kept the 
skin in good condition. As Michelle grew older she 
would help in the care of her tracheostomy, by 
helping to rub the cream in. In hot weather, when 
Michelle used to perspire more, she did sometimes 
get a rash where the tapes were. We found by 
rubbing a small amount of Timodine into the 
affected areas, twice a day, then dusting over with a 
thick layer of talcum powder to set the cream the 
rash would disappear within a couple of days. . 

Michelle’s tapes would be changed about once 
every three days depending on how dirty they were, 
and from an early age, before changing her tapes, 
we would always tell her what we were going to do 
and make a game of it. When we first began to 
change her tapes we found it very frightening and 
Michelle would sense our apprehension and would 
cry and become anxious. We overcame this by using 
an unorthodox method of tying the new tapes on 
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while the old tapes were still in situ. The correct 
tension was obtained when the index finger on the 
left hand could just be placed underneath the tapes 
while the head was flexed backwards. The old tapes 
were then cut off. Despite being told by countless 
people that Michelle’s little hole would not seal itself 
when her tracheostomy tube was removed, it was 
only when we saw it for oursélves were we truly at 
ease with looking after Michelle’s tracheostomy. 


We used to dread the winter coming as with it 
would come the chest infections. I could not help 
but blame myself and think that each chest infection 
reflected some failure in my care of Michelle. We 
were very lucky in that we had a good back up 
system of understanding receptionists and doctors 
who would see Michelle whenever we were worried 
about her condition. Michelle was fortunately a very 
good patient and we were able to nurse her when 
she was ill with chest infections. 


To relieve the tension that the parents of children 
who have tracheostomy’s feel there is a definite 
need for a back up system of nurses who are able to 
baby sit for the parents and give valuable time in 
which the husband and wife can be alone together. 
It is unfair and often impossible to expect close 
family to baby sit as they often feel thie eee 
too great and too stressful. - 

There were times when we e how we 
were going to carry on, but we realisė that it would 
only be a short period that she would be véry 
demanding and that the rewards of having her home 
with us far. outweighed’ the inconvenience. The 
constant care and:love she was able to-receive from 
being home helped her‘to become emotionally 
stable and progress much quicker than she would 
have done in hospital. 


(Michelle was the first child of a family living in 
north Wales. She was born. with a mening- 
omyelocele at lumbar 2/3 level, which was closed, in 
Liverpool, on the second day. Hydrocephalus de- 
veloped and also severe stridor one month after 


‘birth, which did not improve despite a shunt*for the 


hydrocephalus. The tracheostomy was performed at 
10 weeks of age and was required until Michelle was 
2⁄2 years old, at which time it could be closed. 
Michelle is now 6 years old and attends a school near 
her home—ed.) 
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Correspondence 


As an exception to our policy we are publishing the 
following long letter, which deals with a complicated 
topical issue. 


Immunoprophylaxis of infants born 


to hepatitis B virus exposed mothers 
Sir, 

In recent correspondence Drs Ewing and Davidson suggest 
the limited supply of specific hepatitis B immunoglobulin 
as the only reason for the restriction of hepatitis B 
immunisation of infants in Britain to those whose mothers 
are negative for antibody to hepatitis e antigen (anti- 
HBe).' The decision to limit hepatitis B immunisation to 
this group, in the first instance at least, was based, 
however, not only on the immunoglobulin supply but on 
risk, benefit, and cost assessments, of which only parts 
have been published.” ? In view of the concern that may be 
aroused by the report of fulminant hepatitis B in an infant 
of an anti-HBe positive mother in Britain, a more detailed 
account of these assessments is given below. 


The prevalence of anti-HBe positive and hepatitis B surface 
antigen (HBsAg) carriage in Britain 


Estimates—based on country of birth and the rates of 
HBsAg carriage and anti-HBe positivity expected in 
various ethnic groups—suggest that in Britain about 2000 
infants are born annually to carrier mothers, about four 
fifths of whom are anti-HBe positive: less than 400 of the 
carrier mothers are. white but a larger portion of them, 
about nine tenths, are anti-HBe positive. 


The risk of perinatal exposure to anti-HBe positive mothers 


The number of virus particles per millilitre in the serum of 
anti-HBe positive carriers is small, so that most infants 
born to these mothers escape infection completely, but 
about 10% have transient symptomless infections with 
subsequent development of immunity. 

Acute hepatitis did not occur as a problem in prospective 
studies, but there have been a few published reports, 
including one from Britain, of severe hepatitis B in the first 
months of life in infants of carrier mothers, some of whom 
were anti-HBe positive. The reports cannot indicate, 


Table 1 Notifications infective jaundice ' 


however, the incidence of the illness. A rough assessment 
of incidence in Britain can be made on the basis of 
routinely collected data—that is, statutory notifications, 
death certificates, and Public Health Laboratory Service 
(PHLS) Communicable Disease Reports. 


Notifications of infective jaundice 


Notifications do not give a complete account of the 
incidence of clinical infections but they are reliable 
indicators of trends. Annual fluctuations in notifications of 
infective jaundice are known to depend upon the incidence 
of type A infection rather than type B, which tends to 
remain at a low, fairly constant level. There are few 
notifications of infective jaundice for infants of less than a 
year and the trend in the period 1968-81 corresponds well 
with that of all notifications,’ suggesting that when acute 
hepatitis occurs in infants it is usually type A (Table 1). 


Death certificates 


Office of Population Censuses and Surveys reports of 
deaths from viral hepatitis. 

In the seven years 1975-81, 10 infants aged less than 1 
year died of viral hepatitis: of the 10, six were 6 months or 
less. The type of infection was not stated (this is not a 
requirement), but a negative HBsAg test was recorded for 
one of the six and another died at three weeks, earlier than 
a type B infection would be expected to manifest. 


PHLS Communicable Disease Reports of acute hepatitis B 


These reports of acute hepatitis B confirmed by laboratory 
tests seem to provide an estimate of incidence as reliable as 
that of a population study. In any event it is expected that 
an illness as uncommon in an infant as acute hepatitis 
would be investigated thoroughly, including serological 
tests, the results of which are expected to be reported to 
the communicable disease report routinely. During the 
seven years 1975-81, seven infants with HBsAg positive 
illnesses and one other infant positive for antibody to 


hepatitis surface antigen (anti-HBs) were reported. Five of 


the HBsAg positive and the one anti-HBs positive illnesses 
were in the first six months of life. None of the infants was 
reported to have died, and this was confirmed by inspec- 
tion of the death certificates. 





Year 

1969 1970 197] [972 1973 
Total 23580 21584 14142 122609 BIN 
Age <] year 26 21 18 10 13 


1974 
7620 


1975 1976 


1977 1978 1979 1980 1981 
5756 5954 5123 4673 3216 5143 9834 
13 9 9 7 4 7 10 
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Table 2 Approximate cost estimates for various options 
in hepatitis B prevention 





Option Approxiumae 


annual cast {£} 
Selective screening of antenatal patients: 

{i) Antibody to hepatitis B immunoglobin 
{(Anu-HBig} at birth plus hepatitis B 
vaccine for infants of “high risk? 
mothers: no immunisation for infants 
of antic-HBe positive mothers 

iti} Anti-HBle at birth plas hepatitis B 
vaccine for all mfants of HBsAg 
positive mothers 

Screening of all antenatal patients: 

ti) Antt-HBig at birth plus hepatitis B 
vaccine for infants of “high risk’ 
mothers: no immunisation for infants 
of anui-HBe positive mothers 

(ti) Anti-HBle at birth plus hepatitis B 
vaccine for all infants of HBsAg 
positive mothers 


46000 


LAHN 


THK 


246000 


itis emphasised that these assessments apply to Britain only. Acute hepatitis B 


can be expected to be more common among young infants in populations with 
higher HBsAg carrier rates. 


The mothers of the five HBsAg positive infants were 
reported to be HBsAg positive, but results of HBe antigen 
and antibody tests were not recorded. 

According to these reports, in Britain each year less than 
one infant develops acute hepatitis B as a result of 
perinatal exposure. On this basis, tt would be necessary to 
immunise more than 2000 neonates of anti-HBe positive 
mothers to prevent acute hepatitis B in one young infant. 
More recent Communicable Disease Reports confirm this 
assessment. Since the surveillance began in 1982 more than 
5000 infants are estimated to have been born to anti-HBe 
positive carrier mothers in Britain: during this time there 
have been only two reports of acute hepatitis B in early 
infaney, including the infant who died. 


Cost estimates of various options 


A summary of estimates made in 1983 is given in Table 2. 
These do not include the cost of salaries of clinical and 
laboratory health service staff. A reduction in expense due 
to the recent introduction of paediatric doses of hepatitis B 
raccine will have been offset by increases in other 
costs—-for example, laboratory tests—since 1983. 
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Ethical aspects of neonatal care 


Sir, 

Dr Bissenden’s annotation on ‘Ethical aspects of neonatal 
care’! is based on a series of (conceivably false) premises 
that render illogical his conclusion that each case should be 
treated ‘without preconceived ideas’. All our decisions are 
influenced by some underlying moral reference points and 
I for one would totally reject several of those on which Dr 
Bissenden’s decisions are based. What is the evidence that 
life clearly does not begin at the fusion of the gametes? 
When does it begin? At 40? At what stage in infancy 
does one become a child thereby acquiring rights? (The 
United Nations Declaration of the Rights of the Child of 
1959 includes the phrase ‘before as well as after birth.) 
Has the author never observed the two way communica- 
tion between parents and their severely handicapped child 
‘of mental age no more than 2°? To label as evil someone 
who supports the life of a severely handicapped child is to 
make a highly offensive value judgment. presumably based 
on Dr Bissenden’s idiosyncratic definition of good and evil. 
At the same time the Catholic position is conveniently 
dismissed by simply avoiding it. 

There is no doubt that we are facing many taxing ethical 
problems in neonatal practice. It would be most unfortun- 
ate if Dr Bissenden’s philosophy was to become the basis 
for solving them. 

R B McGucken, 
Royal Alberi Edward Infirmary, 
Wigan WNI 2NN 


Dr Bissenden comments: 


The inevitable consequence of writing on a subject such as 
' is that whatever one 
writes someone will strongly disagree. There is no reason 
to beheve that doctors will have uniform moral reference 
points relevant to an issue, any more than teachers or 
lawyers will, 

Dr McGucken asks difficult questions, provides no 
answers, and ts very critical. His beliefs, however. are 
highly personal. They should be respected but are as 
irrelevant as mine. | do not have an absolute view on the 
subject, but what I tried to do in the annotation was to 
acknowledge that most neonatologists in the United 
Kingdom were, under certain circumstances. withdrawing 
intensive care from premature neonates. That being the 
case, when examining the logistics of decision making, and 
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considering the criteria involved, one cannot avoid this 
thorny problem of the quality of life. 

. If Dr McGucken accepts that he faces taxing ethical 
problems in neonatal practice, then he must have some 
concept of a life so awful and so full of misery that it would 
be morally wrong to support it intensively. It is merely a 
matter of an alternative definition. I cannot believe that 
beczuse of the experience of rewarding relationships 
between parents and their handicapped child he thinks life 
should be preserved whatever the cost. 
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Serum albumin concentrations and 
oedema in the newborn 


Sir, 

The paper by Cartlidge and Rutter contains much valuable 
information on albumin concentrations.and oedema in the 
preterm neonate.! Early (<7 days) oedema does not 
usually cause undue concern if attention is focused on fluid 
and electrolyte balance as part of the overall care at that 
_ Stage. 

It is the occurrence of later oedema in the relatively well, 
rapidly growing preterm baby that is the more interesting 
physiological (?) phenomenon, even if it is the less 
worrying clinically. The authors reported a significant 
relacion between albumin concentration and oedema, but 
with a poor correlation. No relation between nutritional 
state and albumin concentrations existed at 3 weeks of age. 
Which measures of nutritional state were used to support 
this statement? 

It is tempting to find similarities between this late 
neonatal oedema and some forms of nutritional oedema. 
The role of protein deficiency and secondary hypoalbumi- 
naemia as the principal cause of oedema in kwashiorkor 


has been questioned.” ? Some malnourished children 


develop.oedema during nutritional recovery at a time when 
their albumin concentrations are rising.* 

If these. phenomena are paralleled in preterm babies 
oedema and hypoalbuminaemia in the late nednatal period 
may reflect nutritional inadequacies. Dismissal of the 
nutritional state, particularly if assessed by anthropometry 
alone, may be premature. Thus the excellent data pre- 
sented should encourage us to look for nutritional prob- 
lems rather than dismissing them. 

Eventually, only meticulous balance studizs on energy, 
protein, and ‘accessory nutrients” may lead to an under- 
standing of which, if any, of these dietary factors is 
deficient in the growing baby with oedema. It would be 
interesting to know whether Drs Cartlidge and Rutter 
found hypoalbuminaemia and oedema (independently) to 
be related to previous nutrition in these babies. Did the 
type of milk used or the parenteral route of feeding have 
any influence on the incidence of these problems? 


` > 
MICHAEL WATKINSON 


Marston Green Hospital, 
_ Birmingham B37 7HS 


Sir, 

The recent paper by Cartlidge and Rutter is an important 

objective attempt to try to find whether hypoalbumi- 

naemia is a cause of oedema in the preterm infant.' The 

study oversimplifies the -problem and cannot justify the 

conclusion that plasma albumin measurement in preterm 

infants is not helpful. The causes of oedema in an acutely 

ill infant with severe respiratory distress are likely to be 

different from those in an infant several weeks old 
requiring total parenteral nutrition. Did the authors 
analyse such groups separately? Plasma albumin ts just one 
factor influencing oedema formation; others include fluid 

intake, fluid output, and capillary leakiness. If a low 
plasma albumin concentration is found in conjunction with 

oedema plasma albumin concentration is one factor that 

can be influenced. In my experience oedema in babies of 
more than 2 weeks of age with a plasma albumin 

concentration of less than. 20 g/l often respond to an- 
albumin infusion with a loss of oedema. I would therefore 
suggest that measurement of plasma albumin concentra- 
tion should not be abandoned as suggested by the authors. 


P W MLLER 
St Mary’s Hospital, 
Manchester M13 OJH 


Drs Cartlidge and Rutter comment: 


We agree with Dr Miller that the cause of oedema in the 
two situations he cites is likely to be different; we found no 
correlation, however, between oedema and hypoalbumi- 
naemia in well and ill infants during both the early and late 
neonatal periods. As the mean arterial blood pressure is 
lower in preterm infants than in adults it is likely that 
capillary hydrostatic pressure is also considerably-less. It is 
therefore not surprising that the preterm infant can 
tolerate hypoalbuminaemia without becoming oedema- 
tous. In view of this, we find Dr Miller’s experience with 
albumin infusions surprising. Indeed, if capillary leakiness 
is important in oedema formation as he suggests the 
albumin given would merely leak into the interstitial fluid 
and oedema may thereby be increased. 

Dr Watkinson makes an interesting suggestion, which 
links late onset oedema to poor nutrition. The nutritional 
state of 3 week old infants in our study was determined by 
their weight. They were divided into three groups depend- 
ing on whether their weight was less than 95%, between 
95% and 105%, or more than 105% of their birth weight. 
There was no significant difference in serum albumin 
concentration between these groups. Oedema was not 
influenced by the type of nutrition received, but serum 
albumin concentrations tended to be lower in those infants 
fed parenterally. 
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Haemophilus influenzae type b 
meningitis resistant to ampicillin and 
chloramphenicol 


Sir, 

Guiscafre et al have reported two cases of meningitis due 
to Haemophilus influenzae type b resistant to ampicillin 
and chloramphenicol.' In their report they say ‘since 1980 
eight cases of meningitis. . . have been reported’. This is 
not true. In previous reports we have drawn attention to 
the explosive increase of multiply resistant strains of H. 
influenzae type b causing invasive and non-invasive infec- 
tions in Spain.” ? From January 1981 to December 1984 we 
have seen over 364 consecutive cases of culture proved 
bacterial meningitis, 35 of which (9-6%) were caused by H. 
influenzae type b. In 20 cases (57%) strains were found to 
be resistant to ampicillin and chloramphenicol. 

As this problem has also been described in other parts of 
Spain we are led to the conclusion that in our country 
resistance of H. influenzae b to ampicillin and chloramphe- 
nicol could be endemic. Uncontrolled and widespread use 
of antibiotics in Spain over many years played a role in the 
emergence of these multiply resistant strains. 

We cannot use ampicillin and chloramphenicol as initial 
treatment of meningitis caused by H. influenzae b and we 
are currently using cefotaxime as the treatment of choice 
until susceptibility tests become available. 

The report from Mexico, like others, remind us of the 
possibility of emergence of strains resistant to both 
antibiotics in every country. 


J M Gami, J Campos, and S Garcia-TORNEL 
San Juan de Dios Children’s Hospital, 
Barcelona, Spain 


References 


' Guiscafre H, Solorzano F, Delgado O, Muñoz. O. Haemophilus 
influenzae type b meningitis resistant to ampicillin and chloram- 
phenicol. Arch Dis Child 1986:61:69 1-2. 

2 Campos J, Garcia-Tornel S, Gairi JM. Invasive infections 
caused by multiply resistant Hacmophilus influenzae type b. J 
Pediatr 1984-.104:162-3, 

> Campos J, Garcia-Tornel S, Sanfeliu I. Susceptibility studies of 
multiply resistant Hacmophilus influenzae isolated from pediat- 
ric patients and contacts. Antimicrob Agents Chemother 
1984;25:706-9. 


High plasma urea concentration in 
babies with lamellar ichthyosis 


Sir, 

The interesting observation of Beverley and Wheeler 
about raised plasma urea concentration after cutaneous 
application of Calmurid (10% urea and 5% lactic acid) in 
collodion babies or in babies with lamellar ichthyosis was 
attributed to increased urea absorption through the skin. ' 
This explanation seems logical. There are two additional 
factors that-may contribute, however, to the rise in plasma 
urea in these patients: (a) the application of a hygroscopic 
substance like urea can increase the hydration of the skin? 
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but may decrease the water contents.of other tissues, and 
(b) babies with lamellar ichthyosis have a tendency 
towards dehydration caused by increased loss of water 
through the affected skin. My colleagues and I reported 
several babies with lamellar ichthyosis who developed 
hypernatraemic dehydration due to excessive loss of water 
through the skin.” They were not treated with urea cream 
but developed raised serum urea on several occasions in 
association with hypernatraemic dehydration, as can be 
seen from the examples in the Table. 


Table Urea concentrations in three cases of lamellar 
ichthyosis who developed hypernatraemic dehydration 
Case Age Weight loss Plasma Plasma Plasma 
No {days} re BE sodium chloride 
(g) (% Of body (mmol/l) (mEq/l) — (mEgil) 
weight) 

I 3 4% 10-0 159 118 
2 42 160 7 9-6 165 120 - 
3 91 165 7 , 96 158 126 

334 140 5 29-9 179 151 


The ‘state of hydration of babies with lamellar ichthyosis 
can be difficult to evaluate as the skin turgor is not a 
reliable sign of hydration. The amount of water loss 
through the skin in lamellar ichthyosis is variable and 
probably depends on the condition of the skin; shedding of 
the scales, with exposure of great areas of erythematous 
skin can increase the insensible water loss, although 
aesthetically the skin appears improved. Thus dehydration 
can be a relatively common cause of rises in plasma urea 
concentration in babies with lamellar ichthyosis. 


B Z Garry 

The Children’s Hospital of Philadelphia, 
l Philadelphia, 

United States of America 


Drs Beverley and Wheeler comment: 


We read with interest the comments of Dr Garty and agree 
with him that other factors may have contributed to the 
raised plasma urea in our patients, particularly in case 1 
who had lamellar ichthyosis. We were able, however, to 
observe case 2 (whose underlying skin was normal) more 
closely. She had normal plasma creatinine concentrations 
at the time of the raised plasma urea concentration (as 
shown in the Figure of our paper’), her weight never fell 
more than expected for a newborn infant, the plasma urea 
fell on stopping treatment with Calmurid, and throughout 
she maintained a good urine output. These factors 
suggested to us that the primary cause of the raised urea 
was transdermal absorption of urea rather than dehydra- 
tion as suggested by Dr Garty. Because of our experience 
with case 1 we felt it to be inappropriate to challenge case 2 
with further treatment with Calmurid to determine 
whether the plasma urea would rise again. The patients 
that Dr Garty describe are of interest; again making the 
point that skin, in particular abnormal skin, is not an 
impermeable barrier, in his cases there was excessive 
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transdermal loss of water and in our cases absorption of 
urea, 

We hope that our cases and those of Dr Garty will 
remind our colleagues that skin is not an impervious 
barrier. 
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Vitamin D metabolites in idiopathic 

infantile hypercalcaemia 

Sir, 

We have further investigated two of the infants with 
idiopathic infantile hypercalcaemia described by Martin ef 
al’ and confirmed the presence of appropriate suppression 
of la hydroxylase activity in the presence of hypercal- 
caemia, suggesting intact feedback mechanisms. 

As vitamin D supplements (400 TU /day) were withdrawn 
and a low calcium diet begun in case | the serum cal- 
cium concentration fell. Concentrations of 1.25-dihydroxy- 
cholecalciferol (1.25(O0H.,)D) rose and 25-hydroxy- 


cholecalciferol (25-OHD) fell due to the withdrawal of 


supplements (Table 1). 
Calcium load tests, modified from the protocol of Barr 
mn ` 3 
and Forfar.” showed an abnormal response when per- 


Table i 


formed at 7, 13. 18. and 24 months in case | and at 22 
months in case 2. Furthermore. |.25(OH-)D concentra- 
tions performed during the most recent load tests showed 
appropriate suppression in the presence of hvpercalcaemta 
(Table 2}, suggesting intact homeostatic mechanisms. 

Our assay ts able to distinguish between 1,25(OH.)D, 
and 1.25(O0H.)D, and it would seem that 1,25(0H.)D, 
is more tightly controlled than 1.25(OH.)D.. The signifi- 
cance of this observation is unknown as these metabolites 
have not previously been measured in children with this 
condition. Further studies will be necessary to confirm our 
findings. 

Dr Martin suggested that the low concentrations of 
L.25(OH.)D seen in the patients with hypercalcaemia 
could be due either to appropriate suppression of la 
hydroxylase activity or to a reduced growth velocity. The 
results of the loading studies and the fact that the growth 
velocity of our first child did not alter with correction of the 
hypercalcaemia suggests that the former is a more likely 
explanation. Whether there is poor control of production 
of 1.25(OH.jJD, and whether this is important in the 
aetiology of the hypercalcaemia ts an area for future study. 


I thank Dr Barbara Mawer, Manchester University, for performing 
the assays. 
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Reaction of seran calcium and vitamin D concentrations to withdrawal of vitamin D supplements in case I 
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2 weeks 4 weeks 7 rmomthty 
25-OHD (nymi) 48-6 3.5 JA 30-7 
LIMO ID (pgimli at 38H 47-0 6V- 
Calcium Gamal/ly 316 2-38 247 244 
25-OHD =35-hydrosycholecalciferoh PSOH 21D = 1.25-dihvdroxycholccalcnerol, 
Table 23 Vitamin D metabolites during caleuun loading in the ovo cases 
Fasting Calcion kading thonrs) 

fs i L3 = 3 $ 
Case d 
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1.25(OHN)D> (pg/ml) h Doon 7 Sgt 
128(OH ID: (pg/ml) as Sa Re ) 
Case 2 
Caiciam (amol/l} 2.33 ena ct ne 3.23 3-448 279 
1 25(OHID: (perm 21 A al ki ZO Is 
LSA(OH-IDs {pemi} ai) oo a? 5h 37 44 
LOH GD = p 28hhvdroxyeholecaiciferel, 
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The diagnosis and management of food 
allergy 


Sir, 

In his article on food allergy Dr Cant discusses abnormal 
psychological reactions of some parents of children with 
food allergy but fails to mention similar problems in 
children who have grown out of the disorder.! My 6 year 
old son outgrew his cow’s milk allergy two years ago and 
now eats a normal diet. Despite all our efforts to the 
contrary, however, he still eats his breakfast cereal without 
milk and his puddings without custard, and it has taken two 
years of intensive retraining to persuade him to eat ice 
cream. While this is not a great problem, I feel that other 
children will have more serious long term psychological 
effects from restriction diets for food allergy and this 
aspect has not been widely documented in the past. 
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Pulse oximetry in neonatal care 


Sir, 

The pulse oximeter, a fast non-invasive method of con- 
tinuous arterial oxygen saturation monitoring. is beginning 
to be used in neonatal units as a prompt warning of 
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hypoxaemia in the unstable baby. The device measures the 
absorption of selected wavelengths of light passed through 
a sample of living tissue from which the quantity of 
oxygenated and reduced haemoglobin can be calculated. 
The neonatal probe is designed to be wrapped around a 
hand or a foot. It is unheated and not adherent to the skin. 
We report an added use for this device. 

A 620 g, 25 week old baby born in this hospital had moist 
friable skin. Even foam backed electrocardiogram elec- 
trodes caused trauma to the superficial skin layers, 
resulting in risks of introduction of sepsis and increased 
fluid losses. We anticipated a conventional heated trans- 
cutaneous oxygen sensor would do the same. We therefore 
monitored this ventilated baby entirely using the pulse 
oximeter (Ohmeda Biox 3700), placed around an upper 
arm and occluded from ambient light. This allows digital 
read out of heart rate and oxygen saturation, a graphic 
display of the pulse, and high and low alarms for all 
readings. This was used successfully for two weeks, 
producing no skin trauma and no complications and a 
reduced need for handling the infant. This device may 
reduce handling and skin trauma in the monitoring of heart 
rate and arterial oxygen saturation in immature infants 
with friable skin, who require neonatal intensive care. 
Direct arterial oxygen partial pressure monitoring, through 
an indwelling line, is also required to detect hyperoxaemia., 
as on two occasions this baby had an oxygen tension of 15 
kilopascals when the pulse oximeter reading was 93%. 


M E I Morgan and G M DURBIN 
Birmingham Maternity Hospital, 
Queen Elizabeth Medical Centre, 

Birmingham B15 2TG 
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Book reviews 


Current therapy in pediatric infectious dis- 
ease. By J D Nelson. £39-50 hardback. 
Blackwell Scientific, 1986. 


This book is a compilation of personal 
approaches to the management of paediat- 
ric infection and as such is not intended to 
be ‘a textbcok of infectious diseases’. An 
extensive range of illness is covered, from 
that encountered by any doctor, dealing 
with children—for example, otitis media, 
acute diarrhoea, and croup—to that seen 
with any frequency only by the specialist— 
for example, tularaemia and Lyme disease. 

There is a loose overall format but a 
great variance in the amount of general 
background information with which each 
author invests his writing. This may leave 
the reader glossing over the obvious on the 
one hand and scurrying to standard works 
on the other to provide a base for the text. 
This is a book more for the doctor with a 
certain minimum of experience than for the 
student. The editor sees the book as the 
synthesis of the contributor’s past in- 
struction, personal experience, and assess- 
ment of the medical publications. There 
are thus no references. It is always of 
interest to hear how others deal with 
clinical problems familiar to oneself, but I 
found the absolute absence of references 
somewhat frustrating when stimulated by a 
comment ta look up the source. 

Overall, the book makes interesting and 
enjoyable reading, but I am doubtful of its 
usefulness to the general British paediatri- 
cian. At times I could not help feeling that 
parts of it were lacking in substance, and 
because of the array of diseases covered 
too little is often said of too much. 


S P CONWAY 


Child Health Behavior: a Behavioral 
Pediatric Perspective. Edited by N A Kras- 
negor, J D Arasteth, M F Cataldo. Pp 644: 
£49-10 hardback. John Wiley and Sons, 
1986. - 


To what extent should British paediatri- 
cians be concerning themselves with de- 
velopments in behavioural paediatrics? Is 
there any coherent ‘behavioural pediatrics 
‘perspective’ on child health behaviour as 
the title of this prolix volume suggests. 
Perhaps no:z, if we accept the view of the 


ultimat2 chapter’s authors; to wit, it is ‘an 
area ultimately defined by the activity of its 
participants.’ Historically, the field of in- 
terest developed from three fairly distinct 
origins. Firstly, liaison psychiatry and child 
psychiatric theory and practice; secondly, 
psychosomatic medicine in adults; and 
thirdly, empirical research in experimental 
psychology, especially learning theory and 
principles of behaviour modification that 
derivec from it. Contributions relevant to 
each of these aspects of behavioural 
paediatrics are included. 

Intended to be a comprehensive assess- 
ment of the current state of knowledge 
about behavioural paediatrics, the book 
suffers from a lack of focus. For instance, a 
chapter on the philosophy of ‘behavioural 
systems’ rubs shoulders with an excellent 
review of the appropriate functions health 
education should play in schools. All in all, 
there are 26 chapters, but just one in three 
merits reading in depth. These include, 
besides that mentioned above, approaches 
to the control of childhood accidents, a 
critical review of campaigns to reduce 
smoking among adolescents, social and 
behavioural aspects of obesity, the primary 
prevention of hypertension, a biobehav- 
ioural analysis of the origins and manage- 
ment of childhood headache, problems in 
parental compliance with treatment, paed- 
iatric gastrointestinal disorders, strategies 
and future directions for research in 
behaviour management of paediatric 
problems, and issues concerning training in 
behavioural paediatrics. 

Besides difficulties in maintaining a cohe- 
rent focus of content, the book suffers from 
failing clearly to define its potential read- 
ership. Paediatricians may well become 
exasperated by endless ‘conceptual models’ 
and discussion on the ‘theoretical under- 
pinning of ecological sub-systems.’ A more 
than passing acquaintance with the use of 
behaviour modification techniques is advis- 
able before tackling the contributions by 
behavioural scientists. Clinical psychol- 
ogists and child psychiatrists involved in 
paediatric liaison work may find it more to 
their taste. In conclusion, this could have 
been an excellent book at half the length, 
highlighting issues the contemplation of 
which would benefit those employed in 
general or community paediatric practice. 


DAVID SKUSE 
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The Overactive Child. Edited by E A 
Taylor. Pp 269: £16-00 hardback. Blackwell 
Scientific/Spastics International Medical 
Publications, 1986. 


This book from the Maudsley has taken on 
the task of critically examining what is 
truth and untruth and what is fact and 
fantasy in the world of hyperactivity. The 
result is a scholarly and objective book that 
leaves no stone unturned. While it is not 
light reading, there is an enormous amount 
of real information on a subject that has 
been surrounded by vagueness in definition 


and management. 
GWILYN HOSKING™ 


Diagnostic Paediatric Case 
Study Teaching Manual. By C M Hall, 
S Lingam. Pp 200: £29-00 hardback. 
Springer-Verlag, 1986. 


This ‘case study teaching manual’ as- 
sembled by a radiologist and a paediatrician 
presents imaging material from 100 cases 
arranged in systems. Each case has three to 
five questions based usually on one or two 
images. Answers on the following page are 
of easy access (possibly too easy) with 
concise information and often further ex- 
planatory images. The imaging examples 
cover all the usual modalities except angio- 
grams and nuclear magnetic resonance 33 
and there seem to be no examples of 
intracardiac anomalies. The central ners 
vous system is also probably under repre- 
sented, with only four cases. Aspects tested 
cover not only powers of radiological 

bservation but also a knowledge of rel- 
evant clinical matters as well as the choice 
of further imaging techniques to use. Some 
emphasis is laid on testing practical know- 
ledge on performing radiological pro- 
cedures—for example, barium enema for 
intussusception in case 19—-and the choice 
of contrast material to use. Examination 
candidates need lists of differential 
diagnoses and this book has them—for 
example, conditions associated with hemi- 
hypertrophy, causes of osteoporosis, andi 
causes of radial hypoplasia. 

The answers are concise but some Be 
further comments, though there are no 
references to read further. There is a good 
subject index. 


Setting water tight questions is always 
idifficult, and experts might disagree on 
what was the diagnosis and what was the 
lifferential diagnosis in case 8&7, but the 
questions mainly avoid confusion. 

In two cases my colleagues and | were 
unable to identify the lesion reported in the 
answer (a pneumothorax and a radiolucent 
area in bone) even after looking at the 
x ray pictures again, but | imagine there is 
an inherent problem in transposing x rays 
into print that makes them less clear than 
the original. 

For myself, I enjoyed reading this book 
and learned a lot. For teaching in paediat- 
ric departments and for private study it will 
be a useful resource. Diploma in child 
health candidates are rarely shown x ray 
films, but this book will be useful for those 
taking part H of the MRCP examination in 
paediatrics. Presumably it will be similarly 
helpful to radiologists in training. 


G MCENERY 


Understanding Allergies. By M Steel. Pp 
176: £5-95 paperback. Consumer's Associa- 
tion/Hodder and Stoughton. 1986. 


Food Allergy—A Primer for People. By S A 
Bock, Pp 72: paperback. A J Publishing 
Co z Í ORG A 


These are both good books about allergy 
and can be recommended to parents. 
Understanding Allergies’ is easy to read, 
covers a wide field, is technically fairly 
accurate, though tends to emphasise the 
wads ea o T ane ease, and As 


A panel ioe. hee: is eeontined a to ie 
fubject of food allergy and is a distillation 
of the various diagnostic and therapeutic 


principles and techniques. It has a useful 
final section on controversial or unorthodox 
procedures. 


TOS DAVID 


Inspecting the Newborn Baby’s Eyes. By 
N O'Doherty, Pp 104: £75-00 hardback. 
MTP Press, 1986, 


Professor O'Doherty comes over in his 
book as an enthusiastic and stimulating 
teacher, full of anecdote and incidental 
observation. At first, the title of the book 
seems very limiting as fundoscopy is almost 
entirely exchided and the level of examina- 
tion suggested appropriate for the obstetric 
or paediatric senior house officer, On 
turning the pages, however. one is per- 
suaded that almost all of neonatal disease 
may be seen by inspecting babies’ eyes 
The mainly coloured plates are very well 
reproduced but illustrate much that is only 
peripheral to the examination of the eves, 
such as cryptorchidism. syndactyly, and a 
child with a hearing aid to illustrate deaf- 
ness. Many show older infants or even 
adults. 

Unfortunately, while being a delightful 
read for the experienced paediatrician and 
classicist (it is liberally sprinkled with 
quotations), the book is too eclectic and 
meandering for the learner. Where the 
slide collection was well provided rarities 
are well illustrated. In the brief section on 
eye infections, however, chlamydia is not 
even mentioned, and reunopathy of pre- 
maturity only just gets in, although the 
index refers us to illustrations of a retino- 
blastoma. At £75, it is only a suitable gift 
for the neonatologist who has everything. 


RICHARD COOKE 


Book reviews 124 
Practical Paediatries. Edited by MJ Robin 
son. Pp 613: £24-00 paperback. Churchil 
Livingstone. 1986. 


This is described in the foreword as the firs 
Australian textbook of general paediatrics 
it is aimed mainly at undergraduates but i: 
more comprehensive than most such Brit 


ish texts. Though the list of authors i: 
large. including 38 Australians and one 


Malaysian, the style is consistent and read 
able and the approach practical and prob. 
lem orientated. I particularly liked the 
chapters on genetics, the approach to the 
dysmorphic child, and growth and develop- 
ment and the section on social and preven: 
tive paediatrics. Fistory and examination is 
not neglected and the chapter on the 
difficult topic of inborn errors of metab- 
olism is a model of clarity. 

The practical presentation can cause 
problems, such as the unsatisfactory siting 
of important topics like failure to thrive 
and fever of unknown origin in a miscel- 
laneous penultimate chapter. Nutrition is 
dealt with rather skimpily, just six pages, 
including two on obesity a one that is a 
list of artificial milks. 

These are, however, minor criticisms. I 
enjoyed reading this book and would rec- 
ommend it to my residents reading for 
postgraduate examinations. It has a distinc- 
tive Australian flavour in morbidity and 
epidemiology data. in covering the prob- 
lems of Aboriginal and Australian immi- 
grant families. and even in mention of 
Agent Orange as a possible teratogen, but 
overall this book differs little from my 
practice and teaching in northern Scotland. 
I would suggest that a British edition with 
minor modifications would be a consider- 
able competitor for our own textbooks. 


PJ SMAIL 


Archives of Disease in Childhood, 1986. 61, 1250 


British paediatrics 


Liver transplantation 


A joint working party between the British Paediatric 
Association and the British Association of Paediat- 
ric Surgeons has recently reported its findings. The 
report reviews the history and present state of liver 
transplantation, comments on the related problems 
in chiidren, and discusses the resource implications. 

The first human liver transplantation was per- 
formed in 1963 and during the next 10 years over 600 
transplants were carried out in 15 centres in Europe 
and North America. By 1983 it had been clearly 
shown that liver transplantation could prolong life in 
patients with severe liver disease for which there was 
no effective alternative treatment. 

Professor Stazľs unit in North America has 
recorded a 70% one year survival in children, 
although 30% require a second transplant within 
that period. Surviving children have nermal liver 
function and most of them show good catch up 
growth. The quality of life in survivors is good and 
most can resume their former activities. There are 
many fatal complications and current data are 
insufficient to allow full evaluation of survival 
beyond one year. The disorders for which liver 
transplantation has been performed in children 
include extrahepatic biliary atresia when standard 
surgery has failed, progressive cirrhosis due to o 
antitrypsin deficiency, Wilson’s disease that has 
failed to respond to chelation therapy, and certain 
tvpes of glycogen storage disease. 

The postoperative period of intensive care is 
about 14 days, during which there is a high risk of 
complications, particularly bleeding and problems in 
the biliary, pulmonary, renal, and cardiovascular 
systems. Early regrafting may be necessary because 
of thrombosis or rejection. Immunosuppression Is 
still not satisfactory and increased susceptibility to 
infection is a major problem in children. The risk of 
long term malignancy has not yet been assessed. 

The working party report quotes the recom- 
mendations of a National Institutes of Health 
consensus conference regarding the stages of liver 
disease in which transplantation should be con- 
sidered. These are: 

When death is imminent; 

When irreversible damage to the central nervous 
system is likely to develop; 


When the quality of life has deteriorated to an 
unacceptable level. 

The resources needed for liver transplantation 
are considerable. The procedure can only be 
undertaken in tertiary care centres with an active 
transplantation programme. In addition to expert 
surgical personnel the transplant team must 
include paediatricians, hepatologists, psychiatrists, 
social workers, and a transplantation coordinator. 
Services such as tissue typing. immunology, 
pathology, radiology, and renal dialysis should be 
available. 

The number of potential candidates for trans- 
plantation in children is not known. The working 
party estimates that at least 70 children die each year 
in the United Kingdom from disorders for which 
liver grafting has been effective, but it is not known 
how many of these might have major contraindica- 
tions to the operation. 

There are currently three centres in the UK 
providing an active liver transplantation service. 
The Cambridge/King’s collaborative service has 
carried out 230 transplants (up to Julv 1985), of 
which 26 were in children. The Birmingham service 
has transplanted 30 patients, including two children. 
and has so far undertaken only eight transplants, 
none in children. The Secretary of State has agreed 
that the Cambridge/King’s and Birmingham services 
should receive central funding for 1985-87. 

The main conclusions of the working party are 
that: 

Liver transplantation is now a realistic form of 
treatment for which there is a demonstrated need in 
the UK. 

Paediatric services should be developed in con- 
junction with transplantation services for adults. 
The children should be cared for in children’s units 
by children’s trained staff. 

At this stage paediatric services should be de- 
veloped only in two centres, Cambridge/Kings’s and 
Birmingham. 

A register of children with chronic liver disease 
and metabolic disorders that may require liver 
transplantation should be set up at the department 
of child health at King’s College Hospital. 
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1926, Volume 1 page 1, 933 
sixty years young, Diamond Jubilee: editorial, 931 
1926-86, tracing the history, 975 
Arginine vasopressin, renal response in premature infants 
with late hyponatraemia, 1030 
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Bronchoconstriction, ‘Sport-tester’. device for monitoring 
the free running test: short report, 912 

Bronchodilators. response, assessed by lung mechanics, 
1020 

Brucellosis, cardiac manifestations, 569 
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dislocation of the hip, screening for detection: special 
report, 921 
heart disease, nutritional treatment: short report, 799 
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calcaemia, 1246 
Wiedemann-Beckwith syndrome in one of monozygotic 
twins, 717 
Weight gain and height velocity during prolonged remis- 
sion from acute lymphoblastic leukaemia, 622 
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Defecation disorders, management, 472 
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tion, 218 
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1100 
Evans, Dr Philip, biographical factors, 978 
Examination, medical, school entry: personal practice, 807 


chromosome 


_Exocrine pancreatic failure 
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in thyrotoxicosis, 464 
physical, and bone age of protein energy malnutrition 
survivors, 257 
postnatal, in infants born before 30 weeks’ gestation, 549 


`~ 


1274 Index 
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remission: correspondence, 622 
acute lymphocytic, height at diagnosis: short report, 296 
congenital, unusual cause of stillbirth, 1001 
trial VIH compared with trials I-VII, Medical Research 
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Oral administration of active vitamin D metabolites: 
short report, 795 
postnatal growth, 549 
see also Extremely low birthweight: Very low birth- 
weight 
Lower bowel function disorders, management, 472 
Lung 
disease, chronic, home management with an oxygen 
concentrator: correspondence, 623 
mechanics in assessment of bronchodilator response, 
1020 
Lymphadenitis, mycobacterial, non-tuberculous, 368 


Macroamylasaemia, and selective IgA deficiency: short 
report, 704 
Malaria, neonatal, and obstructive jaundice: short report, 
515 
Malignancy, intellect after: short report, 700 
Malnutrition, and interleukin-1, 182 
Meadow’s syndrome, recurrent sepsis and gastrointestinal 
ulceration, due to child abuse: short report, 903 
Measles 
energy cost, 436 
in the Gambia: correspondence, 417 
nutritional cost, Africa, 61 
post, diarrhoea, and persistent protein losing entero- 
pathy, 739 
Meconium ileus equivalent, 
short report, 1128 
Mediterranean spotted fever, treatment, erythromycin 
versus tetracycline, 1027 
Medium Chain Triglyceride 
diet, and intractable epilepsy, 1168, 1173 
supplemented milk, and dicarboxylic aciduria: short 
report, 610 
Meningitis, chemoprophylaxis: annotation, 4: correspon- 
dence, 719 
Haemophilus influenzae type b, resistant to ampicillin 
and chloramphenicol: short- reports, 691, 1134: 
correspondence, 1148, 1245 
in the newborn: fifty years ago, 326 
tuberculous, early diagnosis, evaluation of three tests, 
28 


acute, Gastrografin in: 


Meningococcal infection, in the Gambia: correspondence, 
417 
Mental handicap 
prevention in developing countries: current topic, 411 
severe, medical care: annotation, 533: CarrespOncenee: 
927, 1145 
Metabolic alkalosis, sleep apnoea during, in infancy, 1056 
Microemboli, intralipid: short report, 702 
Middle ear disease, and reading disability: short report, 
400 
Milk 
formulae see also Bottle fed infants 
medium chain triglyceride supplemented, and di- 
carboxylic aciduria: short report, 610 
Minimal change nephrotic syndrome 
and cyclophosphamide: annotation, 727: correspon- 
dence, 718 
immunoregulatory syndrome, 153 
Merbidity monitoring, child health and illness, 632, P 
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Mortality 
neonatal, Asian. in Blackburn: short report, 516 
postneonatal, prevention, 459 

Mucocutaneous lymph node syndrome, plasma fibronectin 
concentrations, 72; correspondence, 312 

Multiple glomus tumours, hereditary: short report. 801 

Mumps, and neonatal respiratory distress: short report, 80 

Murfitt, laws: personal view, 818 

Myocardial disease, primary, in infancy, clinical aspects: 
twenty five years ago, 749 

Mvccarditis, after triple immunisation: short report, 403 


Nabilone, alternative antiemetic for cancer chemotherapy. 
502 

Napkins, disposable. and measurement of urinary con- 
stituents and output: correspondence, 268 

Nasogastric and nasoduodenal feeding compared. in low 
birthweight infants, 138 

‘Near miss’ sudden infant death, and obstructive apnoca: 
short report. 1039 

Nebulised 
bronchodilator, airway responsiveness in wheezy infants, 

protective effect. 627, P 

pain relief for children: correspondence, HE42 

Nebulisers, uses and abuses: annotation, 424: correspon- 
dence. 1142 

Necrotising enterocolitis, and vancomycin: correspon- 
dence, 719 

Neonatal 
agranulocytosis, immunoglobulin for: short report. 86 
Behcet's disease, transient: short report, 805 
brain haemorrhage, tschaemia and outcome, very low 

birthweight, infants, 631, P 


care ethics, and bereaved parents: correspondence, 1145 
extremely low birthweight, South West Thames 


region: correspondence, 96 
chiamydial conjunctivitis, 565: short report, 797 
convulsions, cause: short report, 78 
intensive care, district general hospital, evolution, 148 
ethical aspects: annotation, 639: correspondence, 
1243 
malaria, and obstructive jaundice: short report. S15 
mortality. Asian, in Blackburn: short report, 510 
respiratory distress, due to mumps: short report, 80 
and synchronous mechanical ventilation. 1190 
thyroid function, prematurity, prenatal steroids, and 
respiratory distress syndrome, 589 
tuberculosis: short report. 512 
Nephritis in childhood. Archives of Disease ie Childhood, 
1926, 7, commentary by G C Arneil, 956 
Nephropathic cystinosis, and cerebral atrophy: short 
report, 401 
Nephrosis and disturbances of neuronal migration, in male 
siblings, new hereditary disorder, 545 
Nesidioblastosis, in neonate, use of human growth hor- 
mone in treatment: short report, 706 
Neural 
maturation, preterm infants, and low serum thyroxine 
concentrations, 862 
tube defects, recurrent, risk factors and vitamins, 440: 
correspondence, 1143 


Neuroblastomas, and completeness of tumour excision, 
prognostic value of different staging systems, 832 
Neurodevelopmental assessment, after congenital cyto- 
megalovirus infection, 323 

Neuroleptic malignant syndrome: short report, 793 

Neuromuscular disease. effects of posture and spinal 
bracing on respiratory function, 178 

Neuropathy, in a petrol sniffer: short report. 900 

Newborn, response to ACTH, §7 

New Zealand, deaths from asthma. 6 

Nigeria, child health, past. present. and future: contem- 
porary history, 198 

Nineteen twenty six, a year to remember. 985 

Non-aceidental injury. burns, 357 

Norwalk like viruses, study of an outbreak, 142 

Nurses, child health, developmental screening system for 
use by, evaluation, 34: correspondence, 620 

Nutritional treatment. congenital heart disease: short 
report, 799 


Obstructive sleep apnoca syndrome. and ‘near miss’ 
sudden infant death: short report, 1039 

Octanoic and decanoic acids, role in control of seizures, 
1173 

Oedema, and serum albumin concentrations, newborn, 
657: correspondence. 1244 

Oligoantigenic diets, in severe atopic eczema, study of 
effect, 628, P 

Opiate withdrawal, neonatal: personal practice. 1236 

Orthodontic treatment. current trends: annotation, 536 

Osteopenia of prematurity, 871 

Osteopetrosis, juvenile, effects on blood and bone of 
prednisone and low calcium, high phosphate dict, 666 

Osteoporosis, corticosteroid induced. fluoride treatment: 
short report, 1230 

Otitis media. secretory, effect on language development, 
42 

Overseas doctors’ training: British paediatrics. 826 

Oximetry, pulse, in neonatal care: correspondence, 1247 

Oxygen concentrator, in home management of chronic 
lung disease: correspondence. 623 


Paediatrics 
career, problems facmg women: correspondence, 98 
training, with special interest in respiratory disease: 
British paediatrics, 210 
Pain relief, nebulised. for children: correspondence, 1142 
Pancytopenia, caused by tron-dextran: short report, 194 
Parent{s)al 
involvement, in lives of children in hospital. 779: 
personal practice, 612 
loss and child guidance: fifty years ago, 246 
interviewed after their childs death: 
practice, 7H 
Pauciarticular juvenile chronic arthritis, and aortic in- 
competence: short report. 409 
Penicillin resistant pneumococci, carriage of, 377 
PEP mask, in eyste fibrosis: short report. 598 
Perinatal care: British paediatrics, 315 
Perinatal statistics, commentary on current World Health 
Organisation definitions used: current topic. 708 


personal 


~~ 








Periventricular haemorrhage. reduction, preterm infants, 
661 
PERSONAL PRACTICE 
Care by parents of their children in hospital. 612 
Children with diabetes who need surgery. 413 
General professional training in community child health, 
917 
inhalation treatment for asthma, 88 
Medical evidence in child abuse, 205 
Neonatal opiate withdrawal, 1236 
Parents interviewed after their child's death. 711 
Percutaneous insertion of central venous feeding 
catheters, 1138 
The school entry medical examination, 807 
Treatment of atopic eczema, 518 
Turner syndrome, 305 
Pertussis. 
neonatal. severe, treated by salbutamol: short report, 
600 
vaccine, risk: correspondence. 98 
Petrol sniffer, and neuropathy: short report, 900 
Phenobarbitone prophylaxis of intraventricular haemorr- 
hage: short report, 196 
Phosphate 
and calcium content, intravenous feeding regimens. very 
low birthweight infants, 495 
homeostasis, disturbed. during treatment with ACTH of 
infantile spasms, 671 
renal handling, first six months of life. 677 
Pneumococci, penicillin resistant, carriage of, 377 
Pneumogram, and apnoea of infancy, effect of caffeine, 
891 
Positive pressure ventilation and breathing, synchronising: 
correspondence, 718 
Postneonatal mortality, prevention, 439 
Posture and spinal bracing. effects on respiratory function 
in neuromuscular discase, 178 
Potassium intake, 3 to 5 year olds, 159 
Premature infants 
bilirubin binding, birth to 3 months, 332 
bradycardia during apnoea, incidence and mechanism, 
227 
breast milk jaundice, 1063 
fed human milk or formula, carbohydrate derived 
energy and gross energy absorption, 867 
indomethacin, early administration, 233 
inguinal hernias: correspondence, 99 
intubated, effect of tracheobronchial suction on respira- 
tory resistance, 1178 
and neonatal thyroid function, 589 
osteopenia of, 871 
periventricular leucomalacia 
haemorrhage, 1196 
reduction in periventricular haemorrhage. 661 
respiratory distress syndrome, inositol supplementation, 
1076 
retinopathy of, age at onset, 774 
epoché: current topic, 522 
stool water: short report, 1136 
thrombopoietic activity, 585 
Problem families 
service for: correspondence, 311 


and intraventricular 
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the laws of Murfitt: personal view, 818 
Prostacyclin, fetal and neonatal. in relation to mode of 
delivery, 766 
Prostaglandins 
in ductus arteriosus: annotation, 827 
vascular, abnormalities in Henoch-Schonlein purpura, 
173 
Protein 
energy malnutrition survivors, physical growth and bone 
age. 257 
losing enteropathy, persistent, in post measles diarrhoea, 
739 
Pseudomonas aeruginosa, in cystic fibrosis, serum anti- 
bodies to. H4 
Psychomotor development, increase with iron treatment, 
849 
Publication in the Archives: editorial policy, 317 
Pulmonary air leak, extremely low birthweight infants, 239 
Pulse oximetry, in neonatal care: correspondence, 1247 


OT interval measurements, before sudden infant death 
syndrome, 327 


Radial artery. abnormal, in Down's syndrome. 885 
Radioactive bromide partition test. in tuberculous menin- 
gitis, 428 
Reading 
disability, and middle ear disease: short report, 400 
difficulties in children: fifty years ago, 163 
Rectal examination, and acute appendicitis: correspon- 
dence, 95 
Rehydration solutions, oral, glycine supplemented. for 
diarrhoea, 372 
Renal handling of phosphate, first six months of life, 677 
Respiration, spontaneous, monitoring, in ventilated neo- 
nate: short report, 291 
Respiratory 
disease, special interest in paediatrics training: British 
paediatrics, 210 
distress, neonatal, due to mumps: short report, 80 
syndrome, inositol supplementation, preterm infants, 
1076 
and neonatal thyroid function, 589 
function, in neuromuscular disease. effects of posture 
and spinal bracing, 178 
gases, inadequate humidification, during mechanical 
ventilation, newborn: short report, 698 
tract disease, in systemic lupus erythematosus, 478 
Resuscitators, manual, efficiency at birth: short report, 300 
Retinal haemorrhages, spontaneous: short report, 1130 
Retinopathy of prematurity 
age at onset, 774 
epoché: current topic, 522 
Reye's syndrome, recognition and early management, 647 
Ribavirin aerosol, for acute bronchiolitis, $93 
Rickets. incidence in London. Archives of Disease in 
Childhood, 1926, 1, 36, commentary by J O Forfar., 939 
Risk and pertussis vaccine: correspondence, 98 
Risk factors and vitamins, recurrent neural tube defects, 
440 
Rotahaler, how to use, H 


* 
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Rotavirus 


encephalitis. suspected: short report, 692 
vaccines, achievements and prospects: annotation, 241 


Salbutamol 
for treatment of severe neonatal pertussis: short report, 
600 
inhalation powder and oral combination. 1111 
nebulised. in asthma: short report. 602 
Saliva aldosterone concentration. healthy infants: short 
report. 508 
Scales, developmental: annotation, 213 
school entry medical examination: personal practice, 807 
Scientific papers, writing. 1986, 966 
Sclerema neonatorum, with special reference to the 
chemistry of the subcutaneous tissues (part D). Archives 
of Disease in Childhood, 1926. 1, commentary by 
M L Chiswick, 946 
Seizures, and apnoea: short report. 791 
Selective IgA deficiency. and macroamylasaemia: short 
report, 704 
Sepsis, recurrent, and gastrointestinal ulceration due to 
child abuse: short report. 903 
Sexual abuse. child, clinical recognition. 629, P 
Shredding of manuscripts, 33 
Sibling. death of. adjustment, 278 
Skin damage, from transcutaneous oxygen electrodes, 
reduction using spray on dressing. 881 
Sleep 
apnoea during upper respiratory infection. and meta- 
bolic alkalosis. in infancy. 1056 
in infants with congenital stridor: short report. 1125 
obstructive, and ‘near miss’ sudden infant death: short 
report. 1039 
electroencephalography in growth disorders, 754 
Smal bowel biopsy: correspondence. 417 
Smal’ for dates babies, are they really a problem. 877 
Sodium intake 
hidden sources, ill newborns: short report. 695 
3 to 5 year olds, 159 
Somatomedin 
C deficiency, in Asian sisters: short report, 1233 
responses to growth hormone, in Down's syndrome. 48 
Sonographic finding, bright thalamus, 1096 
Sound localisation, immature, and abnormal development, 
858 
South West Thames region. extremely low birthweight, 
impact of neonatal care: correspondence. 96 
Spasms, infantile 
adrenocortical hyporesponsiveness after ACTH treat- 
ment, 750 
disturbed calcium and phosphate homeostasis during 
treatment with ACTH. 671 
Special schools of London. Archives of Disease in Child- 
hood, 1926, 1, commentary by N Gordon, 949 
Spermatic cord torsion: annotation, 426 
Sphineters. urinary, artificial: annotation. 1 
Spinal bracing. effects on respiratory function in neuro- 
muscular disease, 178 
Splenunculectomy, in thrombocytopenic purpura: short 
report, 192 


~~ 


‘Sport-tester’, device for monitoring free running test for 
bronchoconstriction: short report, 912 
Statistics. perinatal, commentary on current World Health 
Organisation definitions used: current topic, 708 
Stenosis, subglottic, management, experience from two 
centres, 686 
Steroid responsive nephrotic syndrome in Asians: corres- 
pondence, 528 
Steroids, prenatal, and neonatal thyroid function, 589 
Stool water, in preterm neonates: short report. 1136 
stridor, congenital, and sleep apnoea. infants: short 
report, 1125 
subglottic stenosis, management, experience from two 
centres, 686 
Subhyaloid and retinal haemorrhages. spontaneous: short 
report, 1130 
Suction 
biopsy. in Hirschsprung’s disease: short report, 83 
techniques, endotracheal, in neonate: correspondence, 
114 
tracheobronchial, effect on respiratory resistance in 
intubated preterm babies, 1178 
Sudden infant death syndrome 
follow up with parents: correspondence, 418 
‘hear miss’, and obstructive apnoea: short report. 1039 
QT interval measurements before, 327 
Sugar 
free medicines, use: annotation, 216 
intolerance, complicating acute gastroenteritis: corres- 
pondence, 716 
taste mechanisms annotation, 1153 
Sweat test, for cystic fibrosis: annotation, 1041 
Sweetness and taste mechanisms: annotation, 1153 
Synchrony, or active expiration: correspondence. 820 
Syphilis, early congenital: correspondence. 417 
Systemic lupus erythematosus. respiratory tract disease, 
478 


Tachyarrhythmias, supraventricular, intrauterine. and 
transplacental digitalisation, 996 

Tachvpnoea and increased blood viscosity, in infants of 
diabetic mothers: short report. 910 

Testicular radiation for acute lymphoblastic leukaemia. 
gonadal function after, 53: correspondence, 621 

Tests and scales, developmental: annotation, 213 

Tetracycline versus erythromycin for treatment of Medi- 
terranean spotted fever, 1027 

Thalamus, bright, sonographic finding. 1096 

Theophylline 
in asthma, current state: annotation, 1046 
slow release. in preschool asthma, 1024 

Thiopentone induced coma, after severe birth asphyxia, 
1084 

Thrombocytopenic purpura, splenunculectomy in: short 
report, 192 

Thrombopoietic activity, preterm newborns and infants, 
585 

Thrombotest values, vitamin K., full term infants, 349 

Thromboxane, fetal and neonatal, in relation to mode of 
delivery. 766 

Thyroid function, neonatal, prematurity, prenatal steroids. 
and respiratory distress syndrome. 589 











Thyrotoxicosis, growth in. 464 
Thyroxine, low serum, concentrations. and neural matura- 
tion, preterm infants, 862 
Tibia. congenital absence. Archives of Disease in Child- 
hood, 1926, 7, commentary by R W Smithells. 960 
Tonsillectomy today: annotation, 421 
Tooth decay and sugar free medicines: annotation, 216 
Total anomalous pulmonary venous connection, mislead- 
ing hyperoxia test: short report. 604 
Toxoplasma encephalitis, acquired: short report, 84 
Tracheobronchomalacia, severe neonatal, prolonged posi- 
tive airway pressure for: short report, 908 
Tracheostomy. a parent's view, 1240 
Transcutaneous oxygen electrodes, reduction of skin 
damage using spray on dressing. 881 
Transfusions in infants, metabolic load of stored blood. 
1208 
Transplacental digitalisation, and intrauterine supraven- 
tricular tachyarrhythmias. 996 
Triple immunisation, myocarditis after: short report. 403 
Trisomy 18. changing demography: short report. 1035 
Tuberculosis 
neonatal: short report, $12: correspondence. 1146 
of childhood, infection, diathesis. artifical pneumo- 
thorax, preventive inoculation, Archives of Diseuse in 
Childhood, 1926, 7. commentary by B D Bower, 954 


Tuberculous meningitis, early diagnosis, evaluation of 


three tests. 428 

Turner(s) syndrome, body proportions: short report, 506 
correspondence, 822, 928 
personal practice, 305 

Twin, monozygotic, surviving. discriminated vascular co- 
agulation and embolisation, 454 

Twins, intrauterine hazards: annotation, [044 

Typhoid fever 
mild, 164 
neonatal: short report, 1228 


Ulcerative colitis, chromic. in children. Archives of Disease 
in Childhood, 1926, 7, commentary by J A Walker- 
Smith. 958 

Upper respiratory infection, sleep apnoea during, and 
metabolic alkalosis. in mfancy. 1056 

Ultrasound 
examination and intravenous urography compared, alter 

urinary tract infection: short report. 81 
in screening and management of hip displacement, 
628, P 

Urea, plasma, concentration. high 
in babies with lamellar ichthyosis: correspondence, 1245 
in coliodion babies: short report. 696 


Urinary 
constituents and output, measurement using disposable 
napkins: correspondence. 208 


tract infection, investigation: annotation, PISS 
ultrasound examination and intravenous urography 
compared: short report, 81 


Vaccine advances: annotation, 331 

Vancomycin and necrotising enterocolitis: correspon- 
dence, 719 

Vasopressin see DDAVP 
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Venepuncture, topical anaesthesia for: short report, 1132 
Ventilated neonate, monitoring spontaneous respiration: 
short report, 291 
Ventilation 
mechanical. of newborn, madequate humidification of 
respiratory gasses during: short report. 698 
synchronous. of the neonate, 1190 
Ventilator settings and active expiration: correspondence, 
310 
Very low birthweight baby 
calcium and phosphate content of intravenous feeding 
regimens, 495 
and central venous catheterisation, 449 
failure of Dinamap to detect hypotension. 771 
head size. brain growth, and lateral ventricles, 1090 
neonatal brain haemorrhage. ischaemia and outcome, 
631, P 
prognosis, in relation to gender, 339 
Viruses and acute gastroenteritis, 732 
Vitamin Bs. specific malabsorption. in Down's syndrome: 
short report, 514 
Vitamin D 
and iron, combined deficiency, Asian toddlers, 843 
metabolites. active, oral administration, low birthweight 
infants; short report, 795 
in idiopathic infantile hypercaleaemia: correspon- 
dence, 1246 
supplementation, maternal and infant compared, [159 
Vitamin E. and protection against periventricular 
hacmorrhage, preterm babies. 630, P 
Vitamin K and Thrombotest values. full term infants, 349 
Vitamins 
recurrent neural tube defects, risk factors, 440 
risk factors, and recurrent neural tube defects: corres- 
pondence, E143 


Water complementation. of breast and bottle feeding. 
and infantile diarrhoea, 1215 
Weight gain 
early, insufficient, preterm, and effect on weight at 12 
months: correspondence, 96 
und height velocity, during prolonged remission from 
acute lymphoblastic leukaemia: correspondence, 622 
with tron treatment, 849 
Well baby clinic. imner-city. 
delivery, 630, P 
Wheezing 
attacks. oral corticosteroids for, under I5 months, 15 
preschool, prognosis at 10, 642 
Whooping cough 
failure to vaccinate against, 382 
mortality. 630, P 
Wiedemann-Beckwith syndrome, in one of monozygotic 
twins: correspondence. 717 
Women, paediatrics career, problems: correspondence. 98 
World Health Organisation, current definitions used in 
perinatal statistics, commentary on: current topic, 708 


improving health care 


Nerophthalmia rates, 
Ethiopians, 1100 


age specific. among displaced 


Zine concentrations. plasma, in iron supplemented low 
birthweight infants. 346: correspondence, H44 
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_ “Value judgements about food are being made all the time. . . | 
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ABC OF NUTRITION | astewserreusweu 


... they are nearly always 
subjective and usually 
wrong.” A Stewart 
Truswell, Boden professor 

_ of human nutrition at the 

_ University of Sydney, 
separates fact from fallacy in 
the ABC of Nutrition, a 
collection of articles from 
the BM7. This illustrated 
guide offers the general 
medical reader a refreshingly 
down to earth review of all 
aspects of nutrition ~ from 
anorexia to obesity, infant 
feeding to dietary guides for 
the elderly — and will be 
invaluable for any doctor 
wishing to advise his patients 
about their eating habits (or 
even to revise his own). 
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